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.-^^^-^^^ / of Azithromycin 

'::'^'^:\y.^:''--5 ^i^^-^^^ to a contrplled-release dosage form of ; 

H to a method of treating a microbial infection, 

azithromydn in such a controlled-release dosage 
: : : fpmfi to a mammial/including a human patient, in need of such trealment. 

: - / • OF THE IIVIVENTION ^ 

; r ; : : - speertrum antimiicrpbial compound 

• ^ ;^ derived from eryihroniy A. Azithromycin was independently discovered by • . 

£^ • : 

; ; : j :^ IT^ 

possess antimicrobial propertiiBS arid are a^ccordingly useful as antibiotics. 
'■:'^.r/-'l'--::'-'y:/^^ l<nown that oral dosing of azithromycin can resultin the 

T occurrence, in sprhe patients, of adverse gastrointestinal (Gl) side effects, 
r -^^^^^^^^^^^^^ 2^ and vomiting. In combined clinical 

• studies of azithromycin Involving 3,995 patients (all dose levels combined), 
C V >^ y: f ^ gastrointestinal side effects. The most frequeht of ;/ 

: ihese side efifiSds (2.6%), and abdominal pain 

J ^^^^^^^ 5^^^^ (i99i)4os-45S), : ^ 

-y-^ { /^The in gastrdinteistirial side effects is higher at higher doses 

ithanWibvi^ 

>lhera(iy CO of $00 nig on xlay 1 followed by 250 mg on days 2, 3, 4, and 

■ 

: vK ■ Vga^ta)intestinal side Effects Was 5% diarrhea/ldofse stools, 3% abdominal 
i 30 j^ain, ar^ of Pfizer Inc.) capsule package / 

V : |r • :g^strointes^^ side effects was 7% diarrhea/loose stools, 5% nausea, and v \ : / 

V V (Zithroifnax capsule package insert). • V ' 
> y i Z.^^^^-^ - can cause gastrointestinialsldeT 
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An improved dosage form of azithromycin which permitted oral 
dosing of high doses of azithromycin (e.g., 2 g) with relatively reduced side 
effects would penmit wider application of single dose azithromycin therapy, 
and would accordingly provide a significant improvement in dosing 
5 compliance and convenience. Likewise, an improved dosiage form which 
lowered the incidence of gastrointestinal side-effects at lower doses would 
also be of significant value. 

Summan^ of the Invention 
10 This invention provides a controlled release dosage form of 

azithronfiycin which decreases, relath/e to currently marketed instant release 
azithromycin capsule dosage forms which deliver an equivalent dose, the 
incidence and/or severity of gastrointestinal side effects. The dosage form 
can opierate by effecting the release of azithromycin at a rate sufficiently 
15 slow to ameliorate side effects. The dosage form can also operate by 

releasing the bulk of the azithromydn contained therein in the portion of the 
Gl tract distal to tiie duodenum. Specific embodiments can be in the form of 
a sustained release oral dosage fonm or, alternatively, In the form of a 
delayed release oral dosage form, or, altematively, In the form of an orall 
20 dosage form which exhibits a combination of sustained releaise and delayed 
release characteristics. The term "controlled" is generic to "sustainecf" and 
"delayed". Dosage forms whicti release more than 70% of their contained 
azithromydn within one half hour or less are not "cpritroiled release"^, iEUid 
form no part of this invention. 
25 In a specific aspect this invention provides a sustained release 

dosage form comprising azithromycin arid a pharmaceutically acceptable 
. carrier which, following ingestion by a mammal in need of such trea&nent, 
releases azithromycin to said mammal's gastrointestinal tract at a rate such 
that the total amount of azithromycin released therein is: 
30 not more than about 4 rng of azithromycin per kg of mammal weight in the 
first 15 minutes after ingestion, . 

. not more than about 1 0 mg of azithronriycin per 1^ of mammal weight in 
the first hour after ingestion, 
' not mors than about 20 mg of azithrornydn per kg of niammai weiglit in 
35 the first 2 hours after ingestion, 

not more than about 30 mg of azithromydn per kg of mammial weight in 
the first 4 hours after ingestion, and 
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v'^: • ; v^^^^ ?• \ :n6t more than abom 40 

V-^: ■ /^^^ 

* V S ' : H;^^^^;^^^^ 1^ invention provides an oral delayed ; 

: v/:-. azithromycin and a 

v> ; ^ : pharrriaceuticaily accep carrier, which releases not more than about 
; : 10% of Its incorporated azithromycin in the stomach, and which releases no ^ 

mbiie than an additional 10% during the first 15 minutes after the dosage ; 
. fonm has entered the duodenum. Once haying entered the duodenum and 
■ ' 10 Vmpved d^ and beydnid this intestinal segmient for at least 15 ; 

miriuteSr the ri^ is not 

criticdj, sc)^ to as substanBaily all of the azithromydn therein is released for 

''/ '^//^:.-_jX'! ■ 'V' S In a further spedficasj}^ 

. 15 release dosag^ fbrrh, comprising azithromycin and a pharmaceuticaily 
acceptable c^^ releases a total amount of azithromycin at the 

r;' mg 
: azithromydn total in the first 15 m^^ 

^^ 

V 2Cf ^^^^^^^^ 1000 rng total in the first two hours after 
: ;VaiK)u^ mg total in the finsit four hours after ingeistion, and not more than 
^^^^ ; : 

- V^^ :'\ 
toWer than the tfi^^ described are also within the scope of the ; 
: • ■ • ^^^^ produce even better side effect profiles, particularly for 

. ^, rate^^^^ 

.^'^ ingestion, less than 400 mg in the first hour after ingestion, less than 750 mg 

^ ; • >^ • ^ i^veri more effica^iaous for ameliorating side effects. Once six hours loliowinjg : ; 

V : v passed, the riate at which the dosage forni releases 

V ; - ;azithrbrTiydri (fbre^ 

.:^ V ; i Is riot critical, The rale must, of course, be high; 
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enough to provide therapeutic efficacy, that is. a therapeutically sufficient 
amount of azithromycin should be delivered from the dosage form before the 
dosage form is excreted with the feces. 

For exartiple, FIGURE 1 displays hypothetical release profiles 3 and 4 
5 for a dosage form which is within the scope of the invention. The thick 
bolded stair-step profile 1 in fact defines the release profile of the temporal 
criteria. Profile 2 represents a hypcrthetical release profile outside the :^pe 
of the invention. 

It is noted that, although the temporal and weight criteria define a ' 
10 release profile extending for as bng as 6 hours, a dosage fomfi kx^brxiing to 
the invention can release substantially all of its azithromycin well before 6 : 
hours, so long as it othenwise fits within the defined rates. Dosage forms ' 
according to the invention which contain relatively low amounts of 
azithromycin (e.g., less than 1 0OOmg) may well release substantially all thejr 
15 azithromycin within a few hours* 

The term "ingestion" as used herein is essentially synonymous with 
"swallowing". 

The invention is particularly useful for administering relatively large 
amounts of azithromydn to a patient. The arnount of azithromycin coritainiBd ' 

20 within the dosage fomi is preferably at least 1 gram, and can be as high as 
7 grams or more. The amount contained In the dosage form is preferably 
1-5 to 4 grams, most preferably 1.5 to 3 grartis. The dosage form can be , 
uriltary as in the case of a bolus, or divided e.g., conistituted by two or more 
units (such as capsules or tablets) which are taken at or about the siame 

25 time. •:■ ■ y; 

Azithromycin can be employed in the dosage forms of this invention ' 
in the form of its phannaceutically acceptable salts, and also in anhydrous 
as well as hydrated forms. All such forms are withiri the scopiB of this 
invention. The azithromycin employed is preferably the dihydrate, disclosed 

30 for exarnple in published European Patenjt Application 0 298 650 A2. 
Reference to "azithromydn" in temis of therapeutic ainbunts or ih release 
rates in the claims is to active azithromycin, i.e., the non-salt, non-hydrated 
macrolide molecule having a molecular weight of 749. 

The dosage forms which constitute the subject matter of the invention 

35 are, as mentioned, controlled release formulations. 
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8^ case oil sust^ned, release embodiments, the dosage form can : 
X i of aLtablet, a capsule, a multiparticuiate fonTi,.oT a unit dose 

/ psKjket (sometirn^ 

f ; The term "tsd^ief is intended to embrace comipresaBd tablets, coated 
: arid other fbrms known in the art, as 

: • ; mb : 
\ ' "capsule" is intended to embrace capsules irt which the 



^^^^^ ; c^ sustairied-release behavior, and also 

10 capsules for which the body of the Capsule remains substantially intact : 
Vduririg its ^re^^ 

^ ■ : : ^^^^^CT^^ is intended to embrace a dosage fomi ' 

^^^^^^^^^ of parlides whose totality represents the intended 

:<tl^ usefulxiose of azithromycin. The parMclesj generally are of a 

15 (^^^^ with a preferred range of 

100 fiM to 1 mmV The use of these and other terms is more fully set out 
. / b^ Muitipiafticulates represent a preferred embodiment for sustained- 
: release because they are amenable to use in scaling dosage forms 
^ ; a to the weight of an individual animal (e.g., a horse), acrording to 

20 the weight criteria previously set forth, by simply scaling the number of 
• particles in the dosage forni to conform with the animal's weight. 

} ; !n a further aspect, this invention provides a process for preparing : ; 
• ; suk^hed-relea^^^ forms of azithromydn, ramprisihg the steps of 

J: -r^^: ^^ bulk dmg substance With a binder, essentially 

; 25 ^irnme^^^ with a polymer coating of 

: ^^^^^^^1^^ azithromydn, and thereafter further coating said ; 



v : / azit 

: ■ :d^^ su^alhed rielease rate or profile. 
^M^^^^^^^^^^r: - V 1^ provides a method for treating a 

^ : comprising administering to a mammal in need of such 

trekment, M human patient, a therapeutically effective amount of 
; i ;^ a controlied^r^lease^^^^^ dosage form whiph releases the 



35 / 9: virt^^^^^^^ of deliayed release ernbodiments, the dosage torrh can be 
in tlie form of a tablet, capsule, multiparticulate, suspehsidh, or sachet, 
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provided that the dosage form delivers the majority of its azithromycin to 
regions of the gastrointestinal tract distal to the duodenum. A variety of 
dosage fonm embodiments and/or structures may be used to achieve this 
goal, as hereinafter further described in detail. Multiparticulate, bead, or 
5 other particle dosage fonms may be multiply loaded into, a gelatin capsule, or 
may be compressed into a tablet. 

It is an object of this invention to decrease the incidence and severity of 
azHhromycin-induced Gl side effects. This is particularty important at high 
doses, for example 2 g and up, at which the incidence of gastrointestinal 

10 side effects can be relatively high. This object is effected by minimizing 
exposure of the duodenum to azithromycin In at least a portion of v 
azjthromycin-dosed patients, thereby reducing the overall incidence and 
severity of azithromydn-induced gastrointestinal side efifects. 

The inventors conducted a series of studies in man in whicJi the : 

15 incidence and severity of gastrointestinal side effects were assessed after 
dosing azithromycin intravenously, orally, duodenally (via nasoenteric 
intubation), and ileally (via nasoenteric intubation). The studies : 
demonstrated that the incidence of gastrointestinal side effects is relatively 
low after intravenous dosing, even at doses which are equivalent to a 5.4 g 

20 oral dose: Thus, while not wishing to be limited by of to any particular theory 
or mechanism, the gastrointestinal side effects of orally dosed azithromydh 
aippear to be mediated by local interactions between azithromydh and the 
intestinal wialL Furthermore, the nasoenteric intubation studies • 
demonstrated that duodenal azithromydn dosing results in more severe 

25 gastrointestinal side effects than does ileal dosing. The inventors 

accordingly determined that dosing azithromycin in a manner which reduces 
exposure of the duodenum to high concentrations of the doig results in : 
decreased gastrointestinal side effects. 

Dosing azithromydn orally in corivemionai non-controlled-rel^^^^ 

30 capsules results in relatively extensive exposure of drug to the duodenum. 
Dosing of azithromydn in conventional enteric dosage fonns which prevent 
significaht dissolution of the drug in the stomach can also ekpose the 
. duodenum to a large proportion of the azithromydn dose. It is apcqrdingly a 
further object of this invention to provide dosage forms which deliver ' 

35 therapeutically useful doses of azithromycin, while reducing localized 
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; • : V ; at the 

^^^^ V gastrointestinal side effects. 

: ^ ^ It is noted that controlled-release dosage forms of various types are 

^ " . - known and employed conventionally in the art to provide reduced dosingj V\ 

; r ;5 and to reduce flucluaitions In plasma ; 

. ;^;^Vv;^ : : ; concentralloris, sometimes Imparting an improved ^ety/efficacy prbfile. 

; ! the human body is characterized 

. j| controlled-reiea^^ sustained or delayed) dosage form Would offer 
BRIEF DESCRIPTION OF THE DRAWINGS 

fi^^ 

^;: "; :;>^^^;^^^^^^^ d^^ (profile 1), of several hypothetical 

^ X - v^^^ release profiles vwthin the scope of the invention (profiles - 

a^ of a fiypotheticai release profile outside the scope of the > 

; ;inye^^^ ■ ''^ • • ■ ' y ' '''' 

"^^^^^^^^^^ " ^ ^ y 1^ Disbusslow .■..y:-^' 

■ ^ ''cpntipllecl release iforms of azithrpmyciri" have been described as 

^^^^ V : f or "delayed release" embbdimerits, for 

. ease of description. V\nthout Intending to be release : 

j \ ipf azithromycin are those which slowly release azithromycin. ^ 

- of azithromycin are those which release litllei : " 

; ; : : or no jazithromycih for a predetermined time, then release azithnjrtiydn 
c^uld^ly or in a sustained fashion. It will be appredate in 
\ -i&^[::-.^y^^ - j the art that certein "sustained release" embodiments will also fall under the ■ 
> :^ v^>^;^^^^:^^^ -g^ For ^ 

T; ^ ; 30 e^^^ release osmotic pump devices generally exhibit a "lag 

vti^ during whidh time thei osmotic pressure In the device is ^ 

is released. Thus, an 

^ :X ^Vr ' : ;::a^^ 

X^^^^^^ Emt)odimentS of the diirent \ ; 

; -^^^ include all dpntroiled release dosage forms of azithromycin which 



wo 95/30422 



8 



PCT/IB9S/00264 



section) for a "sustained release dosage form", or a "delayed release 
dosage form". 

Sustained Release 

5 The sustained-release dosage forms of this invention can be widely 

Implemented For purposes of discussion, not limitation, the hiany 
embodiments hereunder can be grouped into classes accordihg to diasign 
and principle of ope^ration. 

A first class includes matrix systems, in which azithromycin is 

10 embedded or dispersed in a matrix of another material that serves fo retard 

. the release of azithronfiycin into an aqueous environment (i.e., the lumienai 
fluid of the Gl tract). When azithromycin is dispersed in a matrix of this sort, 
release of the dmg takes place principally from the surface of the matrix. 
Thus the drug is released from the surface of a device which incorporates 

15 the matrix after it diffuses through the matrix or when the surface of the 

device erodes, exposing the drug. In some embodiments, both mechanisms 
can operate simultaneously. The matrix systems may be large, i.e.. t^let 
sized (about 1 cm), or small (< 0.3cm). The system may be unitairy (e.g. a 
bolus), may be divided (as previously discussed) by virtue of being : 

20 ^cornposed of several sub-units (for example, several capsules which "■;] 
[. constitute a singlid dose) which are administerd substantially 
simultaneously, or may comprise a plurality of particles, refenred to herein as 
a multiparticulate. A multiparticulate can have numerous formulation v 
applications. For example, a multiparticulate may be used as a powder for 

25 filling a capsule shell, or used per se for mixing with food (e.g, ice cream) to 
increase palatability. 

The size of the matrix system can affect the rale of azithromycin 
release, therefore, a large matrix system such as a tablet will, in general, 
have a different composition from a small one such as a multiparticulate. 

30 The effect of the aze of the matrix system on the kinetics of azithromycin 
release foltows scaling beha^nor well known in the study of diffusion. By way 
of illustration, the following table shows the diffusion coefficient of 
azithromycin required to achieve a characteristic time for release of 10 hou^^^ 
for matrix systems of different sizes. 
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j 0.0025 (50^^^^ : - i.7xip-io 

'•"U^ 3x10"7 
5 0:5 ( tern diameter) ^^^^^^ J 7 x 10*6 



rnagnltude a^ desired size of the dlBviqe changes. The high and low 



id this invention. That is, materials which exhibit a diffusion cpefficierit lower 
r ! fthah about i 0^1 9 are lil<efy unsuitable for this invention as they are 
^ : a impermeable to azHthroaiydh. 

:^ coefficient higher than about 7 x 10'^ 

^ ;a also unsuitable as they are approaching, relatively speaking, 
: 15 ; being an inistaht or fast-release device. Materials at the low end of the 
V : diffusion coeffi^^^ scale are polymers such as cellulose acetate. 

; : Gpriversely, materials at the upper end of the scale ariB materials such as 
i . hydrcgels. The ria^ for any particular device can accordingly be. 



20 ; the sarhe mariner but words, in general, sustain^ releasie 



- therein oyer a period of up to 6 h, and possibly longer. The 

: ; d^ accbrdirigiy be engineered ^a to the equatioii Rt= r^/D 

: ; ; w stands for the total release time of a contained dosage, r 

25 represents the radius of this device, and D stands for the diffusion coeffictenl 

; of azithromycin In the matrix material. The equation again illustrates that 
' suitable dbsagie fbrms can be engineered as a trade-off between the size of 
' • • ; t^ and the diffusion coefficient of the matrix material. If a spherical 

dosage fpmi is hot employed, then r will, of course, be replaced by other 
3d: suitable diriierisibri as known in the.art, such as the half thickness of cube, 

>-,^.._y' ''^^'-, Foi^ purposes of 

matrix in a particle of about SOfim in diameter, a matrix material of a i)olymer 

^ . ^ ^^^^ 

^^^ 3^^^^^^^^^^ bffset the tendency of the small 

^ P particte siz6to 4 contrast, in order to obtain sustalnied- 
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release in a large (e.g., 1cm) cle\rtce, a material which is mostly liquid-like 
(e.g., a hydrogel, see below) will likely be required. For devices of an 
intennediate size, e.g., about 1mm in diameter, a matrix material of ■ 
intermediate characteristics can be employed. 
5 It is also noted that the effective diffusion cpeffictent of azithromycin in 

a dense material may be Increased to the the desired value by the addition 
of plasticizers, pores, or pore-inducing additives, as known in the art. 
Siowly-hydrating materials m^ also be used to give the desired 
intermediate diffusion rates. The multipndty of variables affecting release of 

10 azithromycin from matrix devices permits abundant flexibility in f he 'design bf 
devices of different materials, sizes, and release times. Examples of ! 
modifications of azithromycin release profiles from the specific embodiments 
of the examples within the scope of this invention are disclosed in detail 
.-•below.' :■]-:.:■•■. 

15 A prefen-ed embodiment, a matrix multiparticulate, comprises a 

plurality of azithromycin-containing particles, each particle comprising a 
mixture of azithromycin with one or more exdpients selected to form a matrix 
capable of limiting the dissolution rate of the azithromycin into an aqiieous 
medium. The matrix materials useful for this embodiment are generally 

20 water-insoluble materials such as waxes, cellulose, or other wat^r-ihsolubie 
polymers. If needed, the matrix materials may optionally be formulated with 
water-soliibie materials which can be used as binders or as permeability- 
modifying agents. Matrix materials useful for the manufacture bf these 
dosage tonus include microcrystaliine cellulose such as Avicel (registered 

25 trademaric of FMC Corp., Philadelphia, PA), including grades of 

microcrystaliine cellulose to which binders such as hydroxyprppyl methyl 
cellulose have been added, waxes such as paraffin, modified vegetable oils, 
camauba wax, hydrogenated castor oil. beeswax, and the tike, as well as; ;V 
synthetic polymers such as poly(^nyl chloride), poly(vinyl acetate), 

30 copolymers of vinyl acetate and ethylene, polystyrene, and the like. Water 
soluble binders or release modifying agents which can optionally be; ■ :■ ■.■ 
formulated into the matrix include water-soluble polymers such ias 
hydroxypropyl cellulose (HPC), hydroxypropyl methyl cellulose (HPMC), 
methyl cellulose, poly (N-\^nyl-2-pyrrolidinone) (PVP), poly(ethylene oxide) 

35 (PEO), poly(vinyl alcohol) (PVA), xanthan gum, carrageenan, and other such 
natural and synthetic materials. In addition, materials which function as 
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: :^^^ r^ agents include water-soluble materials such as sugars or 

t ; r Preferred water-soluble materiais include laclosei sucrose, glucose, 
V ; i.and man as well as HPC, HPMC, and PVP. , - 

. / • A preferred process for manufacturing matrix multiparticulates is the 
:;5 eWr^ For this process, the azithromycin is wet- 

^^^^^ ' m^ pjerforated plate or die, and 

: liiiaced bri la rotating disk. The extrudate ideally breaks into pieces which 
: ; are rounded ifito spheres, spheroids, or rounded rods qn the rotating plate, 
i^ : ;- A process and composition for this method involyes using water to 

10 w^t-mass a blend c^ to 75% of micrb-crystaliine cellulose 

-^^^^^ 

M process for manufacturing matrix multiparticulates 

; is the preparation of wax granules. In this process, a desired amount of 
■ azithfom^ stirred with liquid wax to form a homogeneous mixture, 
15 cooled and then forceid through a screen to fpmi granules. Preferreid matrix 
; materials are Waxy substances. Espedally preferred are hydrdgenated 
;^ castor oil and cdrnauba wax and stearyl alcohol. v 
V;^yv process for manufacturing matrix multiparticulates 

^ V using an .organic solvent to aid mixing of the azithromycin with the 

20 ./m can be used whjan it \s desired to utilize a 

V nriatrix material with an unsuitably high melting point that, if the niaterial were 
erhplpyed iri a molten state, would cause decomposition of the drug or of the 

; m^ rtiaterial, or would result in an unacceptable melt viscosity, thereby 

prevfe mixing of azithromycin with the miatrix material. Azithromydn and 
25 matrix material may be combined with a modest amount of solvent to form a 
p^ forced through a screen to form granules from which the 

• solvent J Alternatively, azithromycin and matrix material may 

be cbnibihG^ with e solvent to cpmpletbly dissolve the matrix material 
' arid thie resulting solution (which may contairi solid drug particles) spray 
d^ the particulate dosage form.^T^^ techrikiue is preferred when 

the matrix material is a iiigh riiblecular weight synthetic polymer such as a 

V p include acetone, eth^^^ isopropanol, ethyl acetate, arid riiixtures 

:''^';:;;-of-twoor;more. v'^ '^' ■ ■ 

35^^^^}. : matrix iriultiparticulates may be blended 

>. with c» exdpients such as lactose, microcrystallirie cellulose, 
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dicaicium phosphate, and the like and the blend compressed to' form k 
tablet Disintegrajits such as sodium starch glycolate or crqsslinked 
poly(vinyl pyrrolidone) are also usefully employed, tablets prepared by this 
method disintegrate when placed in an aqueous mediuni (such as the Gl 
5 tract), thereby exposing the multiparticulate matrix which releases 
azithromycin therefrom. : 

A further embodiment of a matrix system hjas the form of a hydrophilic 
hiatrix tablet containing azithrpmycin and 911 arnount of hydrophilic polymer 
sufficient to provide a useful degree of control over the azithromycm / 
10 dissolution. Hydrophilic polymers useful for forming the matrix include 

hydroxyprGpylmethyj cellulose (HPMC)^ hydroxyprbpyl cellulose (HPC), poly 
(ethylene oxide), poly(vinyl alcohol), xanthan gum, carbomer, carrageenan, 
and zooglan. A pretended material is HPMC' Other similar hydrophilic 
polymers may also be employed. In use, the hydrophilic material is swollen 
15 by, and eventually dissolves in, water. The azithromycin is released both by 
diffusion from the matrix and by erosion of the matrix. The azithrortiydri : 
dissolution rate of these hydrophilic matrix tablets may be controlled by the 
amount and molecular weight of hydrophilic polymer employed. In general, 
using a greater amount of the hydrophilic polynier decreases the dissblutlon 
20 rate, as does using a higher molecular weight polymer. Using a lower: * 
' molecular weight polymer iricreases the dissolution rate. The dissolution 
rate may also be controlled by the use of water-soluble additives such as 
sugars, salts, or soluble polymers, Examples of these additives are sugars 
such as lactose, sucrose, or mannitol, salts such as NaCI, KCI, NaHCOs, 

25 and water soluble polymers such as PNVP or PVP, low molecular weight . 
HPC or HMPC or methyl cellulose. In general, increasing the fraction! of 
soluble material in the formulation increases the release rate. A rfiatrix 
tablet typically comprises about 20 to 90% by weight of azithromycin and 
about 80 to 1 0% by weight of polymer. 
30 A preferred matrix tablet comprises, by weight, about 50% to aboLrt^ • 

80% azithromycin, about 15% to about 35% HPMC> 0% to about 35% 
lactose, 0% to sbbiA 15% PVP, 0% to about 20% micrdcrystalline cellulose, 
and eboxA 0,25% to about 2% magnesium stearate: 

The matrix systems as a class often exhibit non-constant release of 
35 the drug from the matrix. This result may be a consequence of the diffuisive 
mechanism of drug release, and modifications to the geometry of the 



■ dbsisige forrt be used to advahtagb to niakiB the release rate of the drug 

^- : In a further embodiment, an azithromycin miatrix tablet is coated with 
an impermeable coating, and an orifice (for example, a drcular hole or a 
5 rectahgulair dpening) is provided by which the content of the tablet is 

exposed to the ^ Gl tract These embodiments are along the lines of 

as. 4792^ *0 Ranade, herein incorporated by 
:^ 'refc^ren^^^ opening Is typically of a size such thiat the ansa of the i 



10 4^^^ 15%. : 

) V;^ : |n ^ embodiment, an azithromycin matrix tablet Is coated 

: with 8i\ impermeable msrterial on part of its surface, ag: on one or both 

• > Jn a preferred embodiment, an azithromycin matrix tablet is coated 
15 w^ niaterial and an opening for drug transport produced 

; ^ by drilling a hole through the coating. The hole may be through the coating 
only, or may extend as 

^ ■ azithromydn nriatrix tablet is 

^ coated with impemi niaterial and a passageway for drug transport 
20 prodofeed by M the entire tablet: 

■ / -J^ azithromydn matrix tabletis / 

coated vtnth an im^^ materiail and one or more passageways for 

^^^^^^^^^ : d transport are pirbduced by removing one or more strips from the 

imperrheable coatjnig or by cutting iphie or more slits through the coating, 
25 preferably on the radial surface or land of the tablet. 

- embodiment, an azithromycin matrix tablet is shaped in 

the fonrn of a cone and completely coated with an impermeable material. A 
passkgeway for dn^^ is produced by cutting off the tip of the cone, 

y In a ftirffieir ipii^ eimbodimem, an azithromydri matrix tablet is 
30 shapi^^ in thj3 form of a hemisphere and completely coated whh ari 
imperrni^able riiateriaL A paissageway for drug transport is produced by 

^^/;^y^^ ; ; ; 1^^^ embodirhenti azithrpnriydn matrik tabi^ 

shaped in the forni of a h^^^ completely coated with an ! v< 

35 impermeable material A passageWaty for drug transport is produced by • 
cutting a slit through; (or removing a strip from) the imperniieable coaling 



wo 95/30422 PCF/IB9S/00264 

14 

aloiig the axis of the half-cyiinder along the centeriine of the flat face of the 
half-cylinder. 

Those skilled in the art will appreciate that the geometric : 
modifications to the embodiments described above can be equivalently 

5 produced by more than one method. Forexampie, cutting or drilling to make 
a passageway for drug transport can be achieved by other operations such 
as by a technique which produces the desired partial coating directly. 

By "impenmeable materiar is meant a material having sufficient 
thickness an6 impermeability to azithromycin such that no significant 

10 transport of azithromycin can take place through the material dUring the time 
scale of the intended drug release (i.e., several hours to about a day). Such 
a coating can be obtained by selecting a coating material with a sufficiently 
low diffusion coefficient for azithromycin arid applyinig it sufficiently thickly. 
Materials for fonmirig the impermeable coating of these embodiments . 

15 include substantially all materials in which the diffusion coefficient of 
azithromycin is less than about 1 0'^ cm^/s.. It is noted that the preceding 
diffusion coefficient can be amply sufficient for a matrix device, as discussed 
above, in a device of the type now under discussion which has been 
provided with a macroscopic opening, however, a material with this diffusion 

20 coefficient (and almost any membrane material that Is not a liquid) looks to ^ 
the contained azithromycin, by contrast, as though it is impermeable 
because the majority of transport is through the opening. Preferred coating 
materials include film-forming polymers and waxes. Especially preferred are 
thermoplastic polymers, such as poly(ethylene-co-vinyl acetate), poly(vinyl 

25 chloride), ethylcellulose, and cellulose acetate. These materials exhibit the 
desired tow permeation rate of azithromycin when applied as coatings of 
thickness greater than about 100 jim. 

A further sustained release matrix sys>tem comprises azithromycin 
dispersed in a hydrogel matrix. This embodiment differs from the hydrophitic 

30 ; matrix tablet discussed above in that the hydrogel of this embodiment is not 
a compressed tablet of erodible granular material, but rather a monolithic 
polymer network. As known in the art, a hydrogel is a water-swellable 
hetwori^ polymer. Hydrogels are preferred materials for matrix devices 
because they can absorb or be made to contain a large volume fraction of ; 

35 water, thereby permitting diffusion of solvated drtig within the matrix. 

Diffusion coefficients of drugs in hydrogels are chanacteristicaliy high, and 
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for high^ water-swollen gels,^^t^^^ of the dmg in the gel 

; : may appro^ value In pure water. This high diffusion coefficient permits 
" practical release rates from relatively large devices (i.e., it is not necessary 

to form microparticies): Although hydrogel devices can be prepared, loaded 
5 with azithr^ dispensed and dosed in the fully hydratedkate, it 

V ( is prefen'ed th^ they be stored, dispensed, and dosed in a dry state, in 

V stability and conyeriience, dry state dosing of hydrogel de\4ces ' 

prbyld^^^ release kinetics. Prefenred materi^^ for fontiing 

r hydroge include hydrophilic vinyl and acrylic polymers, polysaccharides 
10 such as caldum alginate, and poiy(^ oxide). Especially ^refenred. are 
:poly(2 hydroxyie^^^^ add), poly(methacrylic add), 

!poiy(N-vinyl*2rp^^^^ pdly(vinyl alcohol) and their copolymers with 

; each other and with hydrophobic monomers such as methyl methacrylate, • 
vinyl acetate, and the like. Also preferred are hydrophilic polyurethanes ; 
15 : containing large poly(ethylene oxide) blodcs. Other preferred materials 
include hydrbgels comprising interpenetrating networks of polymers, which 
^; r^^ condensation polymerization, the 

V cornponerrts bf whic^^ may comprise hydrophilic and hydrophobic monomers 
: s^^ 

20 ? " A secdhd dass of azithrornycin sustained-release dosage forms of 
• / this ih^ntidnl^ or reservoir systems, lathis 

: : : class, a VeserVoir bf azithromydn is surrounded by a rate-DmitIng membrane. 
; The azithrbmyciri trav^ membrane by mass transport mischanisms 

/ ; well known i art, including but not limited to dissolution in the 
2^ rriertibranis followed by diffusion across the membrane or diffusion through 
liquid-filled pores within the membrane. These indi\rfdual reservoir system 
•dosage forms may be large, as in the base of a tablet containing a single 
targe reservoir, or multiparticulate, as in the case of a capsule containing a 
piurality^ individually coated with a membrane. 

30 The coatirig ca^^ yet permeable to azithrbmydn (for exarnple 

: i through the membrane), or it msQf be ^ 

■ pprpus; As With bther embbdimertts of this invention, the particular 
-m^ 

' Sustdned releaise^^ known in the art may be employed to 

35 : fabricate the ^^^^ polymer coatings; such as a cellulose 
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materials include ethyl cellulose, cellulose acetate and cellulose acetate 
buty rate. The polymer may be applied as a solution in an organic solvent or 
as an aqueous dispersion or latex. The coating operation may be 
conducted in standard equipment such as a fluid bed coater, a Wurster 
5 coater, or a rotary bed coaler. 

If desired, the permeability of the coating may be adjusted by 
blending of two or more materials. A particularly useful process for tailoring 
the porosity of the coating comprises adding a pre-determined aimo^^^^ 
finely-divided water-soluble material* such as sugars or salts or water- 

10 soluble polymers to a solution or dispersion (e.g., an aqueous latex) of the ; 
membrane-forming polymer to be used. When the dosage forni is ingested 
into the aqueous medium of the Gl tract, these water soluble membrane 
additives are leached out of the membrane, leaving pores which facilitate 
release of the dmg. The membrane coating can also be modified by the; 

15 addition of plastidzers, as known in the art. 

A particulariy useful variation of the process for applying a membrane 
coating comprises dissoMng the coating polymer in a mixture of solvents^ 
chosen such that as the coating dries, a phase inversion tskes place in th^ 
applied coating solution, resulting in a membrane with a porous stmcture. 

20 . Numerous examples of this type of coating system' are given in European 
Patent Specification 0 357 369 B1, published March 7, 1990, hereiri ' 
incorporated by reference. In general, a support for mechanicaily 
strengthening the membrane is not required. 

The morphology of the membrane is not of critical importance so long 

25 as the penneabirrty characteristics enumerated herein are met. The 

membrane can be amorphous or crystalline. It can have any category of . 
morphology produced by any particular process and can be, for exartiplje, ah 
interfadally-polymerized membrane (which comprises a thin rate-limiting / 
sidn on a porous support), a porous hydrophiiic membrane, ai porous 

30 hydrophobic membrane, a hydrogel membrane, an ionic membrane, arid : 
other such materials which are characterized by controlled permeability to : 
azithromycin. 

A useful reservoir system embodiment is a capsule having a shell 
comprising the material of the rate-limiting membrane, including any of the 
35 membrane materials previously discussed, and filled with an azithromycin 
drug composition. A particular advantage of this configuration Is that the 



}: : ; • V 

:X V ; / ^^^^^^^^ adversely affect the drug can be usedto 

; V ^^-^ ^[^^ the capsule. A preferred embbdirnerit is a capsule having a shell N 

^^^^ ^^-^^i^^^v^^ y 

■ / preferred emitx)dirnent Is a capsule shell iri the form ' 

■ : -J^^ arid most of whose thickneiss is oonstltuted of a highly penrrieable ; 

comprises a solvent iexchange phase inversibh, 
! • ip : wfhe^^ a solution of polym)9r, c» on a capsule^shaped mold; is induced : 

^v^V^^^ membranes useful In this invention are disclosed in ; ^ 

• - Paterit Specification 0 357 369 Bi. " 

- A 

:;5T:-; : i 15 multiparticulate wh^re each particle is coated wth a polymer designed to 
'•y^,-/^^C'^y}^ sustained release of azithromycin. The multiparticulate piarticles each 
, one of more excipients as needed for fabrication 

Aj^y^fyr p--^-.; : Van The size of individual particles, as previously mentioned, / 

; ^ ' 20 isjze^utsicte thi^ range rhay also be useful. In general; the beads comprise 
: and one or more binders. As it is generally desirable to 

V V 7 ;^ ; ; /^^^^ *Pf*^^ which are small and 4asy to swallow, beads which 

; ? ; . 7 cbrttain a high fractioin of azithrbmydn relative to exdpierlts are preferri^: ! \ 

r : : B^^ 

; : V r ^ ;hydro)ci(prop^^ related materials or 

; thereof; In general, binders which are useful in granulation 

r:^^ -^^^^^^^^^^ poly (N-\nnyl-2- ■ / 

ci pyrrolidinone) j(pyP) may also be Used to form rnultiparticiiiates. 
'\'-:^^^'[^]//30l ^ Reservoir is^ : : v \ 

^ - ^^^z: ; " techniques kndw^^ including, but not limited : 

^: :s : ; 
; i^g^ bed grariuiatiori. In addition, the beads rnay also be . 

. f : pre building the azithromycin composition (drug pltis excipients) up 

; ; ^ ori a seed core (such as a noh-pareil seed) by a drug-layering technique 
■ : > / : as powder coating or by applying the azithromycin composition by ; 
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spraying a solution or dispersion of azithromycin in an appropriate binder 
solution onto seed cores in a fluidized bed such as a Wurster coater or a 
rotary processor. An example of a suitable composition and method is to 
spray a dispersion of an azithromycin/hydroxypropyicellulose composition in 
5 water. Advantageously, azithromycin can be loaded in the aqueous 
composition beyond its solubility limit In water. 

A preferred method for manufacturing the multiparticuiate cores of thb 
enribodiment is the extrusion/spheronization process, as pre\^ous^^ 
discuslsed for matrix multiparticuiates. A preferred process and conlposition 

10 for this method involves using water to wet-mass a blend of about 5 to 75% 
of micro-crystalline cellulose with correspondingly about 95 to 25% . 
azithromycin. Especially preferred is the use of abotrt 5-30% 
microcrystalline celluiosie with correspondingly about 95-70% azithromycin. : 
A sustained release coating as known in the art, especially polymer 

15 coatings, may be employed to fabricate the rhembrane, as previous^ 
discussed for reservoir systems. Suitable and preferred polymer coating • 
materials, equipmient, and coating methods also include those pireviously 
-discussed. • • • 

The rate of azithroifnydn release from the coated multipaiticulateis can 

20 also be controlled by factors such as the composition and binder content of 
the drug-containing core, the thickness and permeability of the c^^ 
the surface-to-volume ratio of the multiparticulates, it will be appreciated by 
those skilled in the art that increasing the thickness of the coating will 
decrease the release rate, whereas increasing the permeability of the 

25 coating or the surface-to-volume ratio of the multiparticulates will increase 
the release rate. If desired, the permeability of the coating may be adjusted 
by blending of two or more materials. A useful series of coatings comprises 
mixtures of water-insoluble and water-soluble polymers, for example, : : 
ethylcellulose and hydroxypropyl methylcellulose, rei^peclively. A ; - 

30 particulariy useful modification to the coating is the addition of finely^ivided 
water-soluble material, such as sugars or salts. When placed in an aqueous 
medium, these water soluble membrane additives are leached out bif the ' 
membrane, leaving pores which fadlitate delivery of the drug. T^^ 
membrane coating may also.be modified by the addition of plasticizers, as is 

35 known to those skilled in the art. A particularly useful variation of the 
membrane coating utilizes a mixture of solvents chosen such that as the 
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^ • b^^ phase inversion takes place in the applied coating solution, 

^ ; in a membrane with a porous stmctijre. 

^i ^ /y ' y embqdinient is a multiparliculate comprising about 95% 

; /^azithromydn/ the m particles being coated with an aqueous 
5 rdispefBioh of ethyl celiulosei, which dries to form a continuous film. 

^ further pnefen^ when the azithromycin 

} ii^^ les^ than about in size arid are coated with a phase f 

10 £izithromy beads are less than atx)irt 400 ^m in size and are^coated with 
an aqijepus disper^^^ deliulpse, which dries to fomi a continuous 

.V-;-:film.: ■'[•.■■^:''-::) -.i-^. ^ ;•- " ' •*;;.. ' .: • ; • V. 

v - An even more especially prefen^d embodiment is obtained when the 
azhhromycin beads are less than about 300 |im in size and are coated with 
15 an^a^^ dispersion of ethyl cellulose. which dries to form a continuous 

; . ^ 0^ azithromycin isustainield-release dosage fomis 

; V indludes the osrnotic delivery devices or "bsmotic purhpis" as they are known 
; in the art^: Osmotic pii comprise a core containing ah osmoticaliy _ 
20 effective compositibn surrounded by a semipermeable membrane. The terrn 
• "semipermeable" in this context means that water can pass through the 
rhembrahe, biit solutes dissolved in water cannot In use, when placed in an 
aqueous environment, the de\nce imbibes water due to the osmotic activity 
of the core conipositiori. Owng tothe seniiperme^^ nature of the 
25 surrounding membrane, the contents of the device (including the drug and 
any excipients) cannot pass through the non-porous regions of the * 

are dnveh by osmotic pressure to leave the device through 
: -an opening or passageway pre-manufaclUred into the dosage form or, 
alternatively, foitn^^ in situ m the <3I tract as by the bursting of intentiohally- 
3d Irioiipo^^ pbihts in the costing under the influence of osmotic 
pressure, osmoticaliy effective composition includes water-soluble 
}Sp^ies,^^^^ generate a cbllbidal osmotic pressure, and water-swellabie 
v^; j^^^^ dmg Itself (if highly water-soluble) rhay be an osmoticaliy 

^^^^ e^^ component of the mixture. Azithromycin fumarate has a solubility at 
35 pH 7 btabdut 100mg/ml, con-esporiding to an osmotic pressure of about 3 
atniospheres, enough to contribute some osmotic driving force. However, 
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the solubility of azithromycin dihydrate in a self-buffered solution (pH > 8) is 
much lower. Therefore, the osmotic effectiveness of azithromycin depends 
on the presence of acidic buffers in the formulation. The drug composition 
may be separated from the osmbtically effective components by a movable 

5 partition or piston. 

l^/iaterials useful for forming the semipermeable membrane Include 
polyamides, polyesters, and cellulose derivatives. Preferied are cellulose 
ethers and esters. Especially preferred are cellulose aqetate, cellulose 
acetate butyrate, and ethyl cellulose. Especially useiful materials include 

10 those which spontaneously form one or more exit passageways', either 
during mknufacAuring or when placed in an environment of use. these 
preferred materials comprise porous polymers, the pores of which are 
formed by phase inversion during manufacturing, as described above, or by 
dissolution of a water-soluble component present in the membrane. 

15 A class of materials which have particular utility for forming 

semipenmeable membranes for use in osmotic delivery devices is that of ; 
porous hydrophobic polymers, as disclosed by commonly assigned co- 
pending U;S. application Serial No. 08A)96,144 filed July 22, 1993, herein . / 
incorporated by reference. These materials are highly permeable t6>ipter, 

20 but Highly impermeable to solutes dissolved in water. These njiaterials owe 
their high water permeability to the presence of numerous microsoopic 
pores (i.e., pores which are much larger than molecular dimensions). 
Despite theiir porosity, these materials are impermeable to molecules in 
aqueous solution because liquid water does not wet the pores. Water in the 

25 vapor phase is easily able to pass across membranes made from these 
materials. 

A preferred embodiment of this class of osmotic delivery devices 
. consists of a coated bi-layer tablet. The coating of such a tablet comprises a 
membrane permeable to water but sut)stantially impenneable to ' 
30 azithromycin and excipients contained within. The coatirig contains one or 
more exit paissageways in communication with the azithromydrlHContaining 
layer for delivering the daig composition. The tablet core consists of two . 
layers: one layer containing the azithromycin composition and anothidr layer 
consisting of an expandable hydrogel, with or without additional osmotic 
35 . agents. ■ ' 
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\ V ; : placed in an aqueous niedium, the tablet imbibes water 
thro^ the a2ithroniycin cx)mpbsitiph to fonm a 

expjand and push aigainst the azlthromydn compoisition, forcing the , V 
^^^^^7 ^ y ! 
> : ■ r rate of azithromycin delivery is controlled by sudi factors as the 

permeability and thickriess of the 
^ and the surface area of the device. Those skilled in the art will 

10 relbase raterwhe^^ the pemieability of the doating'or the water 

kctiv^^ qi the hydrogel iayer or the surface area of the device will increase 

- : >^^^7 iadditioh to the azithromycin Itself, include hydroxyprppyl : 

■'."is ■ mbthyi cellulose, poly (ethylene oxid6), poly (N-vinyl-2-pyrrblidinbne) or : 

;^ bsmagerits such as sugars or salts, especially sucrose, mannitol, or sodium 

- V^^ SWaterials which are useful for forming the hydrogel . 

;^^^r / r 1^ sodium carboxy methyl celluiosiB, poly (ethylene oxide), pbly 

^ - h^^ ; 
r^^ from ^ut 4,000,000 to about 7,500,000 and sodium 

carboxy cellulose having a mblecular weight of about 200,000 to 

■■■.jy-^^^-.'-X 25 ; : Materials which are useful for forming the coating are cellulose 

y :: : 

: v/ OTntainin^ the azithromydri composition. There may be more than dne such 

: 30 exit passag^^ The ekit passageway may be produced mechanical or \ 

V V f by laise^drilling; or by c^ region on the tablet by use / 

^^^^^^^ • y special tcwling duH^ tablet compression. The rate of azithroniydn 

^^^^^ d^ 
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A fourth class of azithromycin sustained release dosage forms of this 
Invention comprises coated hydrogel tablets and multiparticulates^ as • 
described in co-pending commonly assigned U.S. Serial No.07/296,464, 
filed January 12, 1989 (published as EP 378404 B1 August 31 , 1 994). : 

5 herein incorporated by reference. Coated hydrogel tablets comprise a tablet 
core comprising azithromycin and a swelling material, preferably a hydrogel 
polymer, coated with a niembrane which contains holes or pores thnjugh 
which, in the aqueous use environment, the hydrogel can extrude and carry 
out the azithromycin. Alternatively, the membrsme may contain polymeric or 

10 low molecular weight water soluble porosigens which dissolve ih the 

aqueous use environment, providing pores through which the hydrogel and 
azithromycin may extrude. Examples of porosigens are water-soluble 
polymers such as hydroxypropylmethylcellulose, and low molequlkr weight 
compounds like glycerol, sucrose, glucose, and sodium chloride. In this . 

15 fourth class of azithromycin sustained release dosage fonns, the membrane 
material may comprise any film-forming polymer, including polymers which 
are water pemieable or impermeable, providing that the membrane 
deposited on the tat>let core is porous or contains water-soluble porosigens^ 
Multipartlcuiates (or beads) may be similarly prepared, with an • 

20 azithromycin/swellable material core, coated by a porous or porosigen- 
containing membrane. 

As it is an object of this invention is to reduce the exposure of the [ 
upper Gl tract to high concentrations of azithromycin, a fifth especially 
preferred class of dosage forms includes those forms which incorporate a 

25 delay before the onset of sustained release of azithromycin. An exemplary 
embodinrient can be illustrated by a tablet comprising a core containing 
azithromycin coated with a first coating of a polymeric material of the type - 
useful for sustained release of azithromycin and a second coating of the 
type useful for delaying release of dmgs when the dosage fbrrn is ingested. 

3D The first coating is applied over and surrounds tiie tablet. The second 
coating is applied over and sun-ounds the first coating. 

The tablet can be prepared by techniques well known in the art and . 
contains a therapeutically useful amount of azithromycin plus such " 
excipients as are necessary to form the tablet by such techniques. 

35 The first coating may be a sustained release coating as known in the ; 

art, espedally polymer coatings, to fabricate the membrane, as previously 



: : : di?^sse^ Suitable and preferred f)olymer coating 

-^rnatiBnals, equipmert, and also Include those previously 

;^ : i the second coatirig on the tablet 

• 5 jritdude po^jnet^ i^^^ in the aft as enteric coatings for delayed-release of 

ir : Pfl^"^^ most commonly are pH-senisitlve materials such as 

;• ^ a<»ta«e pW^^ cellulbse acetate trimeliifate, hydroxypropyl 

y:^^^eth\^9^ ; 

5 J copolymers isufch as Eudragit L-i 00 (R5hm>harriia) arid related materials, 
JO as more fully de^tailed below under "Delayed Release". The thickness of the: 
; delayed-release coating is adjusted to give the desired delay property, in 

J> J^iSien^ral, tW more resistantto erosion and, consequently; 

V y^^^ longer delay. Preferred cpatings range from about 300|im In ^ 

^, / y y :V^eh:m^ the twice-coated tablet passes through the stomach, 
J ^i}^ °°^*'f!9 prevents release of the azithromycin under the 

- VVhen the tablet passes put of the stomach 
siriid ^pto the srnsdl imdstihe; wher^^^ is higher, the second coating : 
y^^^^^^;^ , properties of the 

id ; chos^^^^^ Upon erosion or dissolutidn of the secbnd coating, the firet . 

prevents irrimiadiatfs pi' rapid release of the azfthromycih and ' 
^^^^^ J^^^ as to prevent the production of high 

. . V^ side-effects. 

^ j^^^^ a multiparticulate wherein 

25 each particle is du for tablets, first with a 

, j^^^^ sustained release of the azithroitiydn and then 

• y^^^^ pply^merdesjgned to delay bns^^ release in the environment 

V; a^^^ ohiepr more exdpierits as heeded for / 

3p - fa^ric^oh^^^ pehomianiBe: Multipafticulates which contain a high fraction 
0^ binder are prefemed. The multiparticulate may be 

: > pf a and be tebricated by any of the techniques previously 

disclosed for muhipartidiiates used to make reservoir systems (ihclucDng 
; extro^^ bed granulation; and 

, 35 rbtaiy tied granu buildingi and so forth). 
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The sustained release coating may be as i^nown in the art, especially 
polymer coatings, to fabricate the membrane, as previously (fisclissed for 
reservoir systems. Suitable and preferred polymer coating materials, 
equipment, and coating methods also include those previously discussed. 
5 The rate of azithromycin release from the sustainec^release-coated 

multiparticulates (i.e., the multiparticulates before they receive the delayed- 
release coating) and methods of modifying the coating are also controlled 
by the factors previously discussed for reservoir system azithromycin 
multiparticulates. 

10 The second membrane or coating for dual coated multiparticulates is 

a delayed-release coating which is applied over thiB first sustained-release 
coating, as disclosed above for tablets, and m^ be fbrnried fronii the same ; 
rnaterials. It should be noted that the use of the so-called "enteric" 
materials to practice this embodiment differs significantly from their use to 

15 produce conventional enteric dosage forms. With conventional enteric 
forms, the object is to delay release of the drug until the dosage form has 
passed the stomach and then to to deliver th6 dose in the duodenum. 
Dosing of azithromycin directly and completely to the duodenum is . 
undesirable, however, due to the side effects sought to be minirriized pr 

20 avoided by this invention. Therefore, if conventional enteric polymers are to 
be used to practice this embodiment, it may be necessary to apply them r 
significantly more thickly than in conventional practice, in order to delay drug 
release until the dosage form reaches the lower Gl tract However, it is 
preferred to effect a sustained or controlled delivery of azithromycin after the 

25 delayed-release coating has dissolved or eroded, therefore the benefits of 
this embodiment may be realized with a proper cornbination of delayed- 
release character with sustained-release character, and the delayed- 
release part aloiie may or may not necessarily conform to USP eriteric 
criteria. The thickness of the delayed-release coatirig is adjusted to give the 

3b desired delay property. In general, thicker coatings are more resistant to / 
erosion and, consequently, yield a longer delay. 

Delayed RelegsQ 

35 A first delayed release embodiment according to the invention is a "pH- 
dependent coated tablef, which comprises a tablet core comprising 
azithromycin, a disintegrant, a lubricant, and one or more phamiaceutical 



; ' ' FCraB9S/00264 '/* • 

' ; ^carriers, such core being coated mth a material, preferably a polymer, which . V 

is isLibstantially insoluble and impermeable at the pH of the. stomach, and 
: soluble and permeable at the pH of the small irrtestine. 

^ ■ ■ I ],^^ polymer Is substantially insoluble and impermeable 

:> ,5^ is also preferred that the tablet 

^: ^ . coated with ah amount of polymer sufficient to assure that V 

\ . siibstan^ no releasb of azithromycin from the dosage fonm bccuns until 

trie dosaige f bmi has exited thai stomach and has reisided in the sniall 
. intestine for gdt>o^ 15^ miniirtes of greater, pnsferably about 30 rnlnufes or 
■ J; ' : ^ io gr^^ Is released in the ' ; . ; 

duodenum. Mixtures of a pH-sensitive polymer with a water-insdluble 
' \ with an amount of 

■i^^^^:^^^^ ■ p^^ 
a^^^ 

/ : - is vamp of polymer comprising about 15% to about 50% of the weight of the 

■ ; ^ ; . pH^ which are relatively insoluble and " 

' ; ^ / / of the isrhall intestine and colon include ; 

: ; 

; : ca^^^^ acetate phthalate, cellulose aicetate phthalale, other 

^^^^^^^^^^v^: c^^^ ether phthalates, 

; h hydroxypropylethylcellulose phthalate, ^ . 

Vhydroxypbpylmethylcellulose phthalate, methylcellulose phthalate, 
;Z5 polyvinyl acetate phthalate, polyvinyl acetate hydrogen phthalate, sodium 
cellulose acetate phthalate, stiarch acid phthalate, styrene-maleic acid ; 
: • dibu^ styrene-maleic acid pblyvinylacetate phthalate 

:V\ p cop styrene ahd maleic 9dd copoiyrners, polyacryiic acid derivatives 
: . ; ; : . • > ; suiph^ eKjfy llc aclcl and acry llc ostor cop polymethacrylic acid iand ; 

30 esters therebf, pbly siciryiic rhethacrylic add copoiyrners, shellac, and vinyl 

; V Include shellac; phthalate: . 

: ^y^;^ ; : ; 

;pWhysrt0,^ a^^ phtfialate; polyacryiic acid 

; ; Av^;^^; ; 3^ polyniethyi methacrylate blended with acrylic add 
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and acrylic ester copolymers; and vinyl acetate aind crotonic add 
copolymers. 

Cellulose acetate phthalate (CAP) may be applied to azithroniycin 
tablets to pro>^de delayed release of azithromycin until the azithromycin- 

5 containing tablet has passed the sensitive duodenal region, that is to delay 
the release of azithromycin in the gastrointestinal tract until about 15 
minutes, and preferably about 30 minutes, after the szithromycin-cohtaihing 
tablet has passed from the stomach to the duodenum. . The CAP coating 
solution may also contain one or more plastldzers, such as diethyi- 

10 phthalate, polyethylenegiycol-400, triacetin, triace^tin citrate, projsylehe ; 
glycol, and others as known in the art Preferred plastidzers are diethyl 
phthalate and triacetin. The CAP coating formulation rhay also contain one 
or more erhulsifiers, such as polysorbate-80. 

Anionic acrylic copolymers of methacry lie acid and 

15 methylmethacrylate are also particularly useful coating materials for 
delaying the release of azithromydn from azithromydn-containing tablets 
until the tablets haVe moved to a position in the small intestine which is 
distal to the duodenum. Copolymers of this type are available from 
RShmPhiEirma Corp, under the tradenames Eudragit-L® arid EudragitjS®. 

20 Eudragit-L® and Eudraglt-S® are anionic copolymers of methacrylic add 
and methylmethacrylate. The ratio of free carboxyl groups to the esters is 
approximately 1 :1 in Eudragit-L® and approximately 1 :2 in Eudragit-S®. 
Mixtures of Eudragit-L® and Eudragit-S® may also be used; For coatirig .of 
azithromydn-containing tablets, these acrylic coating polymers must be 

25 dissolved in an organic solvent or mixture of organic solvents. Useful 
solvents for this purpose are acetone, isopropyl alcohol, and methylene 
chloride, it is generally advisable to include 5-20% placticizer in co^ng 
formulations of acrylic copolymers. Useful plastidzers are polyethylene 
glycols, propylene glycols, diethyl phthalate, dibutyl phthalate, castor oil, 

30 and triacetin. 

The delay Hme before release of azithromydn, after the "pl-i*' 
dependent coated tablet" dosage form has exited the stomach, may be^ 
controlled by choice of the relative amounts of Eudragit-L® arid Eudragit-S® 
in the coating, and by choice of the coating thickness. Eudragit-L® filriis . ; 

35 dissolve above pH 6.0, and Eudragit-S® films dissolve above 7.0, and 

mixtures dissolve at intermediate pH's. Since the pH of the duodenum is . 
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: J approximate 6.0 and the pH of the colon is iapproximately 7.0, Coatings 

composed of mixtures of Eudragrt^^ and Eudragit-S® provide protection 6f 
i. the duodenum from azithromycin. If It Is desired to delay release of 

; azithromyciri untll the azithromycin-cpntaining "pH-dependerit coated fabler 
5; ;has reiached the bbloh, Eudragit-S® ,rnay be used as the coating material, as 
: described by Dew et al (Br. j. Clin. Phamiaa 14 (1982) 405-408). In owSer 

ytp delay the re^^^ of azithromydh for about 15 minutes or more, preferably 
i , ;30 m^^ dosage form has exited the stomach, jirefertBd 

^ : c^^ ab6Ul9:T to aboirt 1:9 Eudraglt-L®/6udraglt-S®, : ' 

10 jmore preferablif from 9:1 to about 1 :4 Eudr^lt-L®/Eudra^lt-S®, :Jhe 
•.tt^rig may compfrise from about 3% to about 70% of the weight of the 
. Preferably, the coating coniiprises from about i5% to 

^^^^ ^£^^ 

a further embpdiment, a "pH-dependent coated bead", beads ; 
15 : (about 0.5 to 3.0 mm in diameter) comprising azithromycin plus carrier are 
v; tbated with one or more of the aforementioned pH-sensive polymers. The 

coated beadf may be. placed in a capsule or may be compressed intaa 
: tabled damaging the polymeric coat on individual 

. .^beads duHn compression. Preferred coated be^ are those which 
.20 exhibit sub^aiTtlaity from the dosage fQnm until 

ihe i)iBads have extted the stomach and havi9 resided in the small intestlne 
■ n fo about 30 minutes or greater, thus 

minimal azlthromydn is relea:sed in the duodenum. Mixhjres 
■ of a pHVsensitive polymer with a waternnsoluble polymer are also included. 
25 As described above, azhhrorriyd beads may be coated with 

; m vary at different pH's. Forexample, 

\. preferred coatings comprise from atkMrt 9:1 to about 1 :9 Eudragit- 
V :;L<^/Eudiiagit-S®, more preferably from 9:1 to 1 :4 Eudraglt-L®/Eudraglt-S®. 
4' : /Jhe^ w may oornprise from about 5% to aboirl 200% bf the weight of the 
30 uh^ the coaling cornprises itom iat>out ib% tb 

:; V small 
:: : ir 'aaM^ particles (about 6,01 to 0.5 nim in diameter. • : 

/V/ 0.05 tb 0.5 mrn in diameter) are coated with one or more of the 

35 afpremeritioned pH-seri The coated particles may be placied 

; Iri a capsule or may be compressed into a tablet, with caire taken tb avoid 
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damaging the polymeric coat on individual particles during tablet 
compression. Pretended coated particles are those which exhibit 
substantially no release of azithromycin from the dosage form until the 
particles have exited the stomach and have resided in the small intestine for 
5 about 15 minutes or greater, preferably 30 minutes or greater, thus assuring 
thai minimal azithromycin is released in the duodenum. Mixtures of a pH- 
sensith/e polymer with a water-insoluble polymer are also included. 
Prefenred azithromycin-containing particles are coated with an amount of 
polymer comprising about 25% to about 200% of the weight of the 'undoated 
10 azithromycin-containing particle core. 

A further embodiment constitutes a modification of the pH-dependerit 
coated tablet, pH-dependent coated bead, and pH-dependent coated 
particle embodiments, the azithromycin-containing core tablet, bead, or ; 
particle is first coated with a banier coat, and then is coated with the pH-. 
15 dependent coat. The function of the barrier coat is to separate azithromycin 
from the pH-dependent coat. Since azithromycin is a base, hydration of the 
azithromydn in the core may serve to raise the pH in the niicroenvironment 
of the pH-dependent cdating, thus prematurely Initiating the 
penmeabilization or dissolution of the pH-dependent coating, resuttirig in > 
26 premature release of some or all of the azithromycin dose in the stomach or 
duodenum. Suitable bamer coatings are composed of water-soluble 
materials such as sugars such as sucrose, or water-soluble polyniers such 
as hydroxypropyl cellulose, hydroxypropyl methylcellulose, and the like. 
Hydroxypropyl cellulose and hydroxypropylmethylcellulose are prefen^d. 
25 The banier coat may comprise from about 1% to about 15%, preferably from 
about 2% to about 1 0%, of the weight of the undoated azithromydri- 
containing tabfet, bead or particle core. 

Coating of azithromycinTContaining tablets, beads arid partides rriay be • 
carried out using equipment known in the art. For example, azithromycin- ^ 
30 containing tablet cores may be coated with a pan-coater/such jas a Hi- 
Coater (Freurid Corp.), or an Accela-Cota (Manesty Corp., Liverpool). 
Azithromydn-containing beads and particles are preferably coated using a 
f luidized bed coater, such as a Wurster coater, utilizing coating equipment 
available for exarnple from the Glatt Corporation (Ramsey, NJ).Beads niay 
35 also be coated using a rotary granulator, such as a CF*granuiatbr available 
from Freund Corp. 
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In a further fembocfiment ("bursting osmotic core device"), azithromydh is 
yy li^J^tpore&ed in an osmotic bursting device which comprises a tiablet core or 
r^^"^^ ; bead ci^re azithrbmycih and, optionally, one or more psmagents. 

'^'^^■ '. -r ' /.:. : Devices of thi generally disclosed In Baker, US 3,952,741, " • j 

: 5 which is in 

z^; ; V • ■• ^sugare such as glucose, sucrose, mannltol, lactose, and the like; arid salts 
>; - sddium chbride, potassium chloride, sodiium carbonate, arid the 

: (ike; w^er^^lublia^ add^ as fartaiic acid, fumaric iadd, and the lite/ The \ 
; ;^ core or bead core Is coated with a pblyrrier 5 

; -^^ - ; r " 

pentie^le to w£(ter but isJ subislantially impermeable to azithroniydn. - 
> a semiperni[eabte itienribrane are • . 

^; v: V^"^^^ c a€^tale; cellulose ab^ butyrale, swid ethylcellulose, preferably 

; >c^^^ acetate,: The'isiemipermeial)le coating rhembrane miay alterhativejy : 
^^^^^^^^^3 1^^ onb or rnor^ waxes, such as insed and animal waxes such 

: ■ V :i ; hydro^ehaed vegiBtabje diis. A melt mixture of a polyethylene glycol, iB,g., 

^ ^ ; polyet glycol-60dd, arid a hydrogeriated oil, e-g., hydrpgeriated castor , 
^ biii used as iai 

^ 2^ Symposia $eri6^; Current Status on Targeted Drug Delivery to V \ ; 

the Gastrointestinal Tf^ pp-185-190). Prefen^ semipeniieabje 

deriv^itives stk^^ sis pblyacryiales and pplyacrylate esters, arid polyvinyl ■ 

^ y 

/ r l5 Especiailly preferr^^^ watinjg materials are cellulose sbetate 

: 'V' V-^Vv^^':-^ 

V-^^^^^^ Wh^n a:coated tsriblet or bead of the "bursting osmotic core" ertibodirtient 
V .vV of thi^ invention is placed in ari aqu^us environment of use, water passes 
; . -V aportibn of 

J; ; : osrhagent, geriefating a colloidal osrtiotic pressure 

^^/^^/^^^^^^ • mernbrane ahd release of v 

; ^ : ^ the aqueous environment. By choice of bead or tabliat 

pore size a^^^ 

y---]:S. -r-.ySS ^ dosage fp^^ 
y^yh \ y:p: ^^hciosed azithronfiydn rhay be chosen. It Will be appredated by those 
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skilled in the art that increasing the surface-to-volumd ratio of the dosage 
■ form, and increasing the osmotic activity of the osmagent serve to decrease 
the time lag, whereas increasing the thickness of the coating will increase 
the time lag. Preferred osmotic-bursting devices of this invention are those 
5 whteh exhibit substantially no release of azithromycin from the dosage fomi 
until the dosage fomi has exited the stomach and has resided in the sm^ll 
intestine for about 15 minutes or greater, preferably about 30 minutes or : 
, greater, thus assuring that minimal azithromydri is released in the 
duodenum. A bursting osmotic core tablet or bead has a tablet or beaid core 
10 which may contain from about 25-95% azithromycin, about 0-60% ' 

osmagent, as described above, and about 5-20% pther pharmaceutical aids 
such as binders and lubricants. The semipermeable membrane coating on 
a tablet, preferably a cellulose acetate coating, is present at a weight . 
con-esponding to from about 2% to about 30%, preferably from about 3% to 
15 about 10%. of the weight of the tablet core. The semipermeable membrane 
coating on a bead, preferably a cellulose acetate coating, Is present at a 
weight corresponding to from about 2% to about 80%, preferably from 3% to 
30%, of the weight of the bead core. 

A bursting osmotic core device possesses no mechanism for "seri^ng" ' 
20 .that the device has exited the stomach and entered the duodenum. Thus 
devices of this type release azithromydn at a predetennined tirne after 
enterinjg an aqueous environment, i.e., after being swallowed. In the fasted 
state, indigestible non-disintegrating solids, such as the "bursting osmotic 
core devices" of this invention, are emptied from the stomach during phase 
25 III of the Interdigestive Migrating Myoelectric Complex (IMMC), which occurs 
approximately eveiy 2 hr in the human. Depending on the stage of the 
IMMC at the time of dosing in the fasted state, a bursting osmotic core device 
may exit the stomach ainiost immediately after dosir^, or as long as 2 hr , 
after dosing. In the fed state, indigestible non-disintegrating solids, Which 
30 are <1 1 mm in diameter, will empty slowly from the ^omach with the ; 
contents of the meal (Khosia and Davis, Int. J. Pharrifiaceut! 62 (1990) 
R1 1). If the indigestible non-disintegrating solid is greater than about 1 1 mm 
in diameter, i.e., about the size of a typical tablet, it ymW be retained in the 
stomach for the duration of the digestion of the meal, and will exit into the 
35 duodenum during phase III of an IMMC, after the entire meal has t)een 
digested and has exited the stomach. It is preferred to delay the release oif 



•J • 15 min or more, preferably 30 minutes or more, after , 

the do§age fQmi has eidted the stomach. A bursting osmotic core device 
»(hich releas^ azithromycin about 1.5 hr after ingestion will decrease the 
m severity of gastrblrrtestinal side effects in a population of 

: '5 psftlent$ administered azfthromycin In such devloesVA preferred bursting 
vpsmotlc co^re^^ starts to release azithromycin at about 2.5 hr after 

V ; . f ^^^^ aqueous environment. l.e., after ingestion, to rnbre reliably ; . 
: ; Its azithromycin distal to the duodenum. 

;^^^^''^°seci ''^ the f^ed state. A more prefen:|Ml "bursting osmolldcbre 
. 10 d^^^ about 4 hr after entefing-an 

v^^^^^^ hr delay permits dosing in the fed state, and . 

V 5 ^''oy^i^ for an about 3.5 hr retention In the fed stomach, followed by an 

; approj(im^^ 30 niiinute delay after the dosage form has exited from the ' . ' 
jstomach. In this way, the release of azithromycin into the mpst sensitiy^ 
15 portion of the gastrointesti minimized 
^ ; ; ; ; ^ ft^rfher embodiment, a "bursting coated swelling core", an 
? :^^t1^r<im^ is prepared which also comprises 

: 25^70»/4 of a awellsto m£rterial, :such as a swel|at)le colloid (e.g., gelatin), as . 
\ 1^ descra^^ herein by reference. : ' 

hydrophiDc polyrners 
^^^^ w^rter and swell, such as polyethylene oxides, polyaciyBc add 

; ; : d^ such as polymethyl methacrylatie, polyacrylamides. polyvinyl 

l >r alcohol, po^^^^^ starches, and 

.• the; iike^;^^^ hydrogels for this embodiment are polyethylene 

;*25 -f^^^^ The Golloid/hydrogel-containing 

: , tablet or bead is coated, at least In part, by a 

1^^^^ mernbrahe:;: Examples of polymers which provide a. 

; semif^nne^le menibrahe are cellulose acetate and cellutose acetate 
butyratejahd ethylcellulbse, preferably celhilose acetate, the 
30 :: ;semi|wmieable membrarie may alternatively be compbsed of one or 

•^^v m as Insect and ahimal vi^axes such as beeswax, and 

5 k camaiiba wax and hydrogehated vegetable oils. 

^^t^^^f °^ a pblyethylehe glycol, e:g., polyethylene glycol-60b0. and 
; a hydrogertatdd oil, e.g.; hydrogenated castor oil. may be used as a coating, ; 
^ fbr isoniazid tablets by Yoshino (Capsugel Symposia Series; 

■ 9""^"! Stiatus on Targeted Drug Delivery to the Gastrointestinal Tract; 
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1993; pp.1 85-1 90). Preferred semipermeable coating materials are 
cellulose esters and cellulose ethers, polyacrylic acid derivatives such as 
polyacrylaites and polyacrylate esters, and polyvinyl alcohols and 
polyalkenes such as ethylene vinyl alcohol copolymer. Especially preferred 
5 semipermeable coating materials are cellulose acetate and cellulose 
acetate butyrate: 

When a coated tablet or bead having a bursting coated swelling core 
is placed in an aqueous environment of use, water passes through the 
semipermeable membrane into the core, swelling the core and resulting in 

10 bursting of the semipemieable membrane and release of azithrbmycin into 
the aqueous environnient By choice of bead or tablet core size and 
geometry, identity and quantity of swelling agent, and thibl^ness of the 
semipermeable membrane, the time lag between placement of the dosage 
form into the aqueous environment of use and release of the enclosed 

15 azithromycin may be chosen. Preferred bursting coated swelling core 
devices of this invention are those which exhibit substantially no release of 
azithromycin from the dosage form until the dosage form has exited th^ . 
stomach and has resided in the small Intestine for about 15 minutes of 
greater, preferably about 30 minutes or greater, thus assuririg that mininrial : 

20 azithromycin is rejeased In the duodenum. 

A bursting coated swelling core tablet or bead has a tablet of bead ^ 
core which may contain from about 25-75% azithromycin; about 15^0% 
swelling material, e.g., hydrogel; about 0-15% optional psmagent; and about 
5-20% other phannaceutical aids such as binders and lubricants. The 

25 semipermeable membrane coating on a tablet, preferably a cellulbse " 
. acetate coating, is present at a weight corresponding to from about 2% to 
about 30%, preferably from 3% to 1 0%, of the weight of the tablet core The 
semipermeable membrane coating on a bead, preferably a cellulose 
acetate coating Js present at a weight conresponding to from abbu^^ 

30 about 80%, preferably from 3% to 30%, of the weight of the bead cofe. 

A bursting coated swelling core device possesses no misichahism for ^ 
serising that the device has exited the stomach and entered the duodenum. 
Thus devices of this type release their azithromycin contents at a v 
predetermined time after entering an aqueous environment, i.e., aifter being 

35 swallowed, as previously discussed for bursting osmotic cofe devices, and 



V : the sanfe preferanoes apply to making bursting coated ; ■ • 

; ? ; : ^ ; >:dzithrom „ 
^ 5^^^^ US patent 5,358,502, Issued October 25, " 

\ i V ?1994, incon^orat^ by refei^ehce. The device comprises azithromycin 
:^arici optionally one or more bsmiagerrts, sunpunded at leia^ in part by a 

;^ J / ■ 10 Llseful osmagente are ihe sarne as those described above for fiursting- 

1 psmotic core devices. Useful semipermeabiB membrane materials are the 
^ ^ ^ ^me ^ those described osmotic core devices. A pH- ; 

ytriog^r meariSvis attached to the semipemieable membrane. The pH-trigger 
; m^^ above 5.0, and triggers the sudden delivery of 

/ Is V the azithrp 

membrane or pplymer coating which surrounds the semipermeable coating. :•: 
^ / T^ • 

impermeabie and inspluble in the pH irange of the stomach, but becomes 
^v^^ 6.0. ' 

^^^^^V- : > ;E>?empja^ polymers; are pblyacrylamides, phthalate . 

: : ; ■ d^ amylolse acetate ^ , 

^ ; ^ :? ; I 

■ : 2^^^ phthalate, polyviriyl 
( ^i^^v phthalate, sodium cellulose acetate phthalate, starch add 

p^^ dibutyl phthalate copolymer, styrene-maleic 

\ 7?^ a^ 

; r ;v > ; TO jsuch as acrylic adid and acrylic 

v':^;: ' M acrylic 

'::::j^y/^/. | metha^ vinyl acetate and brotonic add 

l:''-^-'- W;. pppoiymers/;::-' I; ■ '/ '■. ' 

5 ^v^^^^^^^^ polymers include shellacj phthalate ^ 
vd^ 

j -35 phthalate, arid hydroxyprppylmethylcellulose phthalate; polyacrylic acid : 

vderivativiBS, particula^^^ rnethaciylate blended with acrylic add 
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and acrylic ester copolymers; and vinyl acetate and crotonic acid 
copolymers. As described above cellulose acetate phthaiate is av^lable as 
a latex under the tradename Aquateric® (registered trademark of FMC ' 
Corp., Philadelphia, PA) , and acrylic copolymers are available under the 
5 tradenanies Eudragit-R® and Eudragit-L®. For approriate application in this 
Embodiment, these polymers should be plasticized litinzihg plastibizers : 
described above. The pH-trigger coating niay also Qomprise a niixture of 
polyrhers, for example cellulose acetate and cellutose acetate phthaiate; : 
Another suitable mixture comprises Eudragit-L® and Eudragit-S®; the ratio 
10 of the two, and the coatirig thickness, defining the sensi^^ 

i.e., the pH at which the outer pH-trigger coating weakens or dissolves. 

A pH-triggered osmotic bursting device generally operates as follows. 
After oral ingestion, the pH-trlgger coating, which sun^ounds the semi- 
permeable coating, which in tum sun^ounds the azithromycin-contairiing 
15 core tablet or bead, remains undissolved and intact in the stomach. In the 
stomach, water may or may not commence penetration through the pH- 
trigger coating and the semipermeable coating, thus starting hydration of the 
core, which contains azithromydh and optional osmagent. After the device 
has exited the stomach and has entered the small intestine, the pH-trigger . 
20 coating rapidty disintegrates and dissolves, and water passes through the 
serhipermeable coating, dissolving azithromycin and optional osmagent 
within the core. As the colloidal osmotic pressure across the 
semipermeable coating exceeds some threshold value, the semipermeable 
coating fails, and the device bursts, releasing azithromycin. It is preferred 
25" that this bursting and release of azithromycin occur at about 15 minutes or 
more, preferably 30 minutes or more, after the pH-tnggered osmotic bursting 
device exits the stomach and enters the duodenum, thus rninimizing 
exposure of the sensitive duodenum to azithromycin/ 
; For a pH-triggered osmotic bursting device, the lag-time or delay-time 
30 is controlled by the choice and amount of osmagent in the core, by the 
choice pf semipermeable coating, and by the thickness of the 
semipemieable coating. It will be appreciated by those skilled in the art, for 
example, that a thicker semipemieabie coating will result in a longer delay 
after the device has exited the stomach. A prefen'ed pH-triggered osmotic 
35 bursting device is a bead or tablet core of azithroniycin with optional 
osmagent, coated with a 3-20% by weight cellulose acetate membrane, 



'. 35;. ' ' / • ' 

■ ^ .;C^^ 3-20% by weight membrane compdsfed of about 1:1 cellulose 

• acetateyceljulose acetate phthalate. Another preferred pH-triggered psrhotic 
^^^^ -^^^ or tablet core of azithromycin with optional 

psmageht, (roiated with a 3-20% by weight cellulose acetate membrane, 
5 cdaited With a 3-20% b membrane comprising from about 9:1 to 

: abpirt i:1Ei^^ : / " 

: : A^^ a pH-triggered osmotic bursting device 

possessies a rtiechanism for sen^^^ that the device hais exited the stomach, 
. interpartjeht yari^lity iri g emptying is riot Isigniflcant. ; / ' ■ 
10 ilh a further enibodlnii^ "pH-triggered bursting coated swelling 
core", a tablet bore or bead bontalnmg azithromycin and a swelling material 
is coated v^rith a seri^^^ Which is further coated with a pH^ 

; sensit^^^^ The core composition, including choice of swelling 

mate^^^ above for the bursting coated Swelling core 

15 v^^mbod Th(B choice of semipermeable coating material and pH- 
: senisitive coating material are as described above for the "pH-triggered 
; psmptic core" embbdirlnient This device is described in detail in commonly- 

assigned copending U.S. Patent Application Serial No. 08/023,227, filed 
:^ February 25, 1993, incorporated herein by reference. / • . 

20 :VA pH-^^^ swelling core embodiment generally 

operates as fpijows. After oral ingestion, the pH-trigger cbatirig, which 
- s^ coating, which in turri surrounds the 

, ^azithroniydn-cbntaining corei tablet or bead, remains undissolved and intaqt 
; ; .1 

^5 : penetration through the pH-trigger coating and the semipermeable coating, 
^ thus starting hydration of the core, which contains azithromycin and wdter- 
' • i a hydrogel. When the pH-triggered bursting 

^^^^ s^^ the stomach and enters the small intestine, the • 

pH-^trigger costing rapidly disintegrates and dissolves, and water passes 
30 through the semipermeable coating, dissolving azithromycin and swelling 
y}^^^ the core. As the swelling pressure iacross 

the 

^ 1^^^ fails, and the device bursts, releasing azitlirbmydn. 

; v: It is preferriki that ihi^^^ and release of azithromycin occur at about 15 

35^ ;m pH-triggered 
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bursting swelling core device exits the stomach and enters the duodenum, 
thus minimizing exposure of the sensrtive duodenum to azithromycin. : \ 
For the "pH-triggered bursting swelling core" device, the lag-time or 
delay-time can be controlled by the choice and amount of swelling material 
5 in the core, by the choice of semipermeable coating, and by the thickness of 
the semipermeable coating. It will be appreciated by those skilled in the art, 
for example, that a thicker semipermeable coating will result in k longer 
delay after the device has exited the stomach. A prefen^ed pH-tnggered 
; bursting swelling core device contains a bead or tabl&l core of aztthromycin 
10 with Synthetic hydrogel, preferably carboxymethylcel|ulose, coatbd with a 3-. 
20% by weight cellulose acetate membrane, coated with a 3-20% by weight 
membrane composed of about 1 :1 cellulose acetate/cellulose acetate 
phthalate. Another preferred pH-triggered bursting swelling core device 
contains a bead or tablet core of azithromycin with synthetic hydrogel, . 
15 preferably c?irboxymethylcellulose, coated with a 3-20% by weight cellulose 
acetate membrane, coated with a 3-20% by weight membrane composed of 
from about 9:1 to about 1 :1 Eudragit-L®/Eudragit-S®. : 

Advantageously, because the a pH-triggered bursting swelling core 
device possesses a mechanism for sensing that the device has exited Jhe 
20 stomach, interpatient variability in gastric emptying is not significant. , 
In a further embodiment, an "enzyme-triggered supported liquid 
membrane device" comprises azithromydh formulated in a dos^e form of ; 
the type described in International Application PCT/ US93/07463, published 
as WO 94/12159 on June 9, 1994, herein Incorporated by reference. This 
25 embodiment generally has the form of a tablet or bead containing 

azithromycin and excipients, a microporous hydrophobic support membranei 
that at least partially surrounds the beneficial agent, and a hydrophobic 
liquid entrained within the pores of the support membrane. Altematiyely, the 
azithromycin and excipients may be incorporiated into a capsule shisll which 
30 comprises a microporous hydrophobic membrane with a hydrophobic liquid 
entrained within the pores of the capsule shell. The hydrophobic^ liquid is : 
substantially impermeable to both the aqueous environment and the 
azithromycin tablet or bead core formulation. The hydrophobic liquid is 
capable of change such that it becomes substantially permeable to the 
35 aqueous environment or azithromycin formulation. After ingestion of this 
; embodiment by a mammal, including a human, azithromycin release into the 



FC17m9SA)b264' ■ ^ , 

^ K; • ; . <gastr6lrftestih^ syistem is del^^ until abbut 15 minutes or more, preferably 
^^^^^ : ; a^^^ rriiriutes, after the dosage form has exited the stomach and moved 

• ■■•v^ jrito't^^^^ ■. ■; ;■ : 

>v : i^^-^. ; ' ; h azithrorhyciil enzyrtie-^riggered supported liquid membrah^ 
5 ; deviM^^ supported hydrophobic liquid is preferably a liquid which 
. V : .undergoes c^^ which is enzymatiqally calalyzeiJ in the lumen of the 

: V < and not in the stortiach.; Exemplary hydrophobic liquids are ; 

A' ■ ^ ^^Strig^ycerides, f^ 

; amino add esters; and the likeJ Preferred trigiyceridies include triolein, 

£f ; W 

V: p®^ri^ Preferred fatty acid anhydrides include 

caprylic anhydride, lauric anhydride, myristic anhydride and the lil<e. 
i^ixtiires of hydrophobic liquids may be used. Exemplary materials for the 
i^^^ ; ■ include cellulose esters, 

i . 15_ p6lycari:)onat6s, pplyalk^ 
^'-'^^ V p^^ 

^ V : > v : ;f membra^ hydrophobic liquid is impenrieable to 

■a^^^^ gastrointestinal enzyrnes have Catalyzed a change in the , 

2^^^ :> ; : : In the envirohmeh^ us&, i.e.. the small intestinal lumen, lipases and - 

; e^^ hydrophobic oils, releasing ; 

:v ; surfactant products in the pores of the microporous membrane of this 
ernbodiment, thus producing aqueous channels through which the 

^ -5 V ;v I'^r:^: a^^ 

simple diffusibri;^ 

Vthe- pre3enc^ swellable material, e.g.i hydrogel, in the azithrorhydn- 

r:?-^" . ; ^•:/o.b6ri^ ■ 

: \ Jn an azithrbiTiycih enzyihe-trigge^^ supported liquid membrane 
; : ; :;3^^^ oils may bo used wHlch sub^r^tes fpr small 

' ^X,r:' -:.: intestinal protea^^ 

^ y: :^^ :;V;^ 

^ ■ : lri a further fenribodinie^^ a "bacterially degradable coating device", 

:V V a^^ 

^ V impeitneable to azithromycin in the stoma^^ small ■"[ ■■/ 

V V ; :: intestine; the coatif)g rti^ 
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bacterially-released enzymes (e.g., azo reductases) in the colon, thus 
releasing azithromycin. Upon degradation of the coating material in the 
colon, azithromycin is released. Embodiments of this design miriimize 
exposure of the sensitive upper (duodenal) region of the small intestine to 
5 azithromycin. Examples of coating materials of this embodiment are 
polymers from ethyienically unsaturated monomers, crosstinked by a 
substituted or unsubstituted di\^nylazobenzene, as desoibed in US Patents 
4,663,308 and 5,032,572, each herein incorporated by reference. Other 
examples of coating materials of this embodiment are degradable - 
10 polysaccharides such as pectin and alginin, iand mixtures of these " 
degradable polysaccharides with film-forming polymers such ias 
ethylcellulose, methylceliulose, hydroxypropylmethylcellulose; and the like. 
Polysaccharide coatings of this type have been disclosed in Depasicali et al, 
EP-485840; in Roehr and Steinicke, DD-296840; and in Ashford and Fell, 
15 Capsugel Symposia Series; Current Status on Targeted Drug Delivery to 
the Gastrointestinal Tract; 1993; pp. 133-142. 

Examples of a bacterially degradable coating device include a bead 
or tablet core which contain about 25-90% azithromycin with additional 
tabletting aids such as binders and lubricants, coated with an kzo^polynrier 
20 or polysaccharide membrane whose weight corresponds to from about ^ : 
80%, preferably 1 0-50% of the weight of the tablet or bead core. 

In a further embodiment, a "swelling plug device", azithromycin and 
appropriate exciplents and earners are incorporated into a non-dissolving 
capsule-half which is sealed at one end by a hydrogel plug. This hydrogel 
25 piug swells in an aqueous environment, and, after swelling for a 

predetenmined time, exits the capsule thus opening a port through which the 
azHhromydn can leave the capsule and be deliveridd to the aqueous 
: environment. Prefen'ed hydrogel-plugged capsules are those which exhibit 
: substantially no release of azithromydn from the dosage fonm until the 
30 dosage fbnm has exited the stomach and has resided in the small intestine 
for about 1 5 minutes or greater, preferably about 30 minutes or greater, thus 
assuring that minimal azithromycin is released in the duodenum; Hydrogel- 
. plugged capsules of this type have been described in patent application 
WO-90/1 91 68, which is incorporated herein by reference. An azithromycin 
35 swelling plug device may be prepared by loading azithromycin into a non^ 
dissolving half-capsule shell which may be fonned from a wide variety of 



;..WO95/30422/V*'- / . ^v \. PCT/IB95/00264 " 

: including but not limited to polyethyte^^ 

■ : poly(niethylnfieth polystyrene, pplyurethanes, 

polytetrafiuoroethyl^ne, nylons, polyformaldehydes, polyesters, cellulose . 
acetate, and nitrocellulose. The open end of the capsule shell is then 
5 ; "^plugged" with a cylindrical plug fomied from a hydrogeMorming material, 
s; Including but not limited to, a homo- or c6i)oly(alkylene oxide) crosslinked 
by reaction with i^oq/ariate or unsaturated cyclic ether groups, as described 
in PQT^ ApplicaBori The composition arid length of the 

V : hydrogel "plug" is selected to minimize release of azithromycin to the 
10 : -^pmach an^ decrease the incidence and/of severity' of 

: gastrointestinal sidei effects. The plugged capsule-half is finally sealed with 
w^er-solubld, ie.g., gelatin, capsule-half placed over the hydrogei-pltigiged 
: erid bf the azit^ non-disisplving capsule-half. In a 

; F preferred embodiment of the "swelling plug device", the sealed device is 
;15 coated With a ''pHTserisitive enteric polymer of polymer mixture", for example 
cellulos^^ or copolymers of methacrylic acid and 

irnet^^^^ The weight of the enteric polymer coat Wi|l geinerally be 

^ from 2-20%, preferably from 4-1 5% of the weight of the uncoated sealed 
: : . capsiileV^^W plug devic^'' Is, : 

20 : ingested prdliy, the emenc^^c^^ release of azithromycin irii the ' 

stomach, the enteric coat dissolves quickly, e.g. • withih about 15 minutes, 
in the dudtienuni, triggering sweiring of the hydrogel plug, exrting of the 
hydrogel plug, and release of the incdrpoi^ed azithromyciri Intd the ; " 
gastrointestinal tract at a time greater than about 15 minutes after, and 
25 preferably greater than about 30 minutes after, the dosage form has passed 
: ; ^fhDrh^t^^^ into the dubdenum. Prototype unfilled ''swelling plug 

i d may be obt^ned ftpm Scherer DDS Limited, Clydebank, Scotland, 
^: i u . 

•SO I • : V It will be appreciated by tho?e skilled in the art that the various coated 
; azithrbmydiri bead, and particle erfibodiments described above can 
; be coatdd^^^^^^^ equipment, such as pan ooaters (e.g., Hl- 

Cpater available from Fre^ Corp; Accela-Cota av^labie from Manesfy, 
Liverpool), fluidized bed boaters, e.g., Wurster coaters, (available from Glatl 
35 Coip, Rarhsey; W Columbia, MD), and rotary 

^ranuiatbrs, e.g! , CFrGranulatbr (available from Freund Corp). Core tabletis 
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are made on standard tablet presses, such as a Killian press. Az'rthromycin 
cdntaining beads and particles are made in fjuidized bed granulators, rotary 
granulators, and extruder/spheronizers. 

Delayed release embodiments of the invention are solid :. 
5 dosage forms for oral administration comprising azithromycin and a 
phamiaceutically acceptable canler, which release hot more than 10% of 
their incorporated azithromycin into a mammal's stomach, and which, 
release not more than an additional 1 0% during the first 15 minutes after- 
entering said mammal's duodenum. The timing of release of azithrorhydn in 
10 the stomach or duodenum may be tested utilizing a variety of approaches 
including, but not limited to, x*ray evaluation, nuclear magnetic resonance 
imaging, gamma scintigraphy, or direct sampling of the gastric and : 
duodenal contents via Intubation. These tests, while possible, can be very 
difficult to carry out in humans. A more convenient test for a delayed release 
15 embodiment of the current invention is a two stage in \nXro dissolution test, ■ 
which incorporates a 15 minute test of azithromycin release in a simulated 
gastric fluid, and a 15 minute test of azithromycin release in a simulated 
intestinal fluid. This two stage in vitro test for a delayed release dosage form . 
is described in niore detail below. For certain delayed release ; 
20 embodiments described in this disclosure, release of azithromycin is 
"triggered" by the presence of pancreatic lipase in the dubdehum. For in 
vitro evaluation of lipase-triggered delayed release dosage fonns, 5 nig/ml 
porcine pancreatic lipase (Sigma Chem., St Louis, MO) is included in the 
dissolution medium for the second stage of the dissolution test. : 
25 The invention will now be illustrated by the following examples which 

are not to be taken as limiting. In general, the examples demonstrate the 
incidence of gastrointestinal side-effects upon oral, IV, dupdenal, and ileah 
cecal dosing of azithromycin and the preparation of controlled-V^leas^ 
doisage forms of azithromycin within the scope of this invention. 
30 ■'•,•.„:,.;. • '* ■ v'. V' 

In the examples which follow, the following definitions and tests have 
been employed: 

1 . "Q" is used to designate a quantity of azithromycin either in mg or 
in percent (%), as indicated. The Q is associated with a time or "pull point" at 
35 which an indicated aliquot of solution was renioved for assay of 

azithromycin, the time of removal or pull point being indicsrted in hoiirs as a 



V V : ■ : TliUs, a "Qo!25" of i6 mearis that 15 mg of azithromycin wa^ 

; : a "Eudraglt®" istheregis^^ 

: for a family of enteric polymeric methacrylales. 

: ' ■ '^^^ ' ^ :r ; 4: "Opadry® the registered trademark of Colbrcon Inc., West Point, 



: hydrdxyprt)pyl celluioise and methylcellulbse that are 

■ :vliQ supplied SiS ppwdere for reconstitution in water. : \ ' ■ i \ . 

/;V ^ : :K i ''Surelease®" is the registered tr^ 
Poim, PA for an a^ 

- 6. -mgA" is anabbrevja^^^ for "milligrams of acth^e azithromycih'LFor 

• 7- "X mgA of multiparticulate" (where X is a number) means the 
: amou^^^ of multiparticulate containing X mgA. For example, ''250 mgA of 
multipst^^^ means the weight of muttipartidjiate containing 250 mgA. j 
^^^^^^ . ^ 

y "Use envlrdhnieht" means the aqueous environment of the 

- '•••fl^stioirit 

VVO'r:i: y'sSira DissoSution l^£s The'following'-two'/f7'-v^^^^ can 

;: ; be used to screien sustained release arid delayed release embodiments of 
thislnvem^^^^ for /n vivo suitability. If a particular dosage form satisfies the 
''~}^-;j75 piiteria disclosed be for either test, it is within the scope of the invention: 

Relesise Dosage T®bS: Sustained release' dosage . 



Bissplutioh Test Chapter 71 1 , Appaiatus 2. Paddles are rotated at 50 rpm 
3d ar^ is conducted in, as tlie test medium, 900 mL of pH 

6.0 sodium dihydrogidh phosphiate buffer at 37"^. If capsules are used, then 
: iO.^ rrtg/mL bf the ienzyme trypsin miist be iadded to the birffer At Indicated 
:\ times following test initiation (lie. , insertion of the dosage form into the 
: aliqupts (typically 5 br 10 mL) frbm the test medium are 

35 analyzed for azitfiromycin by high performance liquid chromatography 
^ V ; v (HP below. Dissolution results are reported as mg 
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azithromycin dissolved versus time. Sustained release dosage forms tha:t 
meet the foltowtng criteria are within the scope of the invention: (1) Qo.25 ^ 
200 mg azithromycin dissolved; (2) Qi ^ 500 mg azithromycin dissolved; (3) 
Qa ^ 1 000 mg azithromycin dissolved; (4) Q4 < 1 ,500 mg azithromycin 
5 dissolved; and (5) Qe ^ 2000 mg azithromycin dissolved, where Q is as 
defined above. 

Delayed Release Dosage Test: Delayed release dosage fomis 
of azithromycin are also tested in a standard USP rotating paddle apparatus 
as specified above. The test is modified from that given above. Paddles are 

10 rotated at 50 rpm and dissolution is conducted in two stages at d7^C. A first 
add stage is implemented by inserting a delayed release dosajge form into 
750 mL of O.i N HCI acid media At 15 minutes, a filtered aliquot of test acid 
media is analyzed for azithromycin content by HPLC. A second stage is 
implemented immediately following the first stage by adding 250 mL of 0.2M 

15 tribasic sodium phosphate buffer, thereby converting the acid media from 
the first stage to a buffer having a pH of about 6.8. If the measured pH is 
plus or minus more than 0.05 pH units from 6.8, it should be suitably 
adjusted by adding alkali metal hydroxide or hydrochloric acid (each . 
typically 2N), as appropriate. At 15 minutes after addition of phosphate 

20 buffer, a second filtered aliquot of test medium is analyzed for azithrohiycih 
content by HPLC. Dissolution results are reported as % azithrbmydri : . 
dissolved versus time. Delayed release dosage forms that meet the 
following criteria are within the scope of the invention: (1) Qp.25 < 10 % 
azithromycin dissolved; and (2) Q0.5 < Q0.25 + 10% azithromycin dissolved. 

25 The test is reliable for dosage forms containing up to 7,000 mgA. 

. The criteria in each test are also refierred to in the Examples as 
"dissolution criteria". 

11. HPLC Quantification: VSIhen conducting either of the /n Wfra 
dissolution tests described above, azithromydn Is quantified by reverse- ^ 

30 phase high performance liquid chromatography and electrochemicai : 
detection as follows. An aliquot of test solution is filtered to remove 
particulates and diluted to a target concentration of approximately 3 |ig/mL 
A fixed volume of 50 is injected onto a pre-column (5 cm x 4.6 mm 
diameter) with a 5 micron spherical alumina (80 A diameter pores) based 

35 hydrocari^onaceous stationary phase {Gamma RP-1, ES Industries, Berlin, 
NJ). The pre-column is followed by a 15 cm x 4.6 mm diameter colurrin 
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c^jntaining the same stationary phase. The chromatography system Is 
substantiaily as descfibed In Shepard et ai.; J. Chromatography, 565: 321 - 
; 337 (1991). An Isocra^^ consisting of 72 % 0.02M potassium 

phosphate monobasic buffer arid 28 % acetonitiile (v/v, final pH of 1 1 ) lis 
5 f employed at a flow rate of 1 .5 miymin. The electrochemiral detector 
: employs dud glassy cart)on e (Model LC^4B amperometric 

3 Lafayette, IN) operating iri the V 

^^^^^ d^^ with the reference electrode SQt at about +0,7 V and 

: the working eled^^ set at about +0.8 V. In sustained-release test media, 
, 10 jactual quam^^^^ azithromydn is effected by comparison bf ^mple 

: ch peak heig|ht ratio relative to diphenhydramine internal 

: ain azithromycin standard chromatogram peak height ratio 

, r • internal standard* In delayed-release (acid) test : 

> V - media, because azithromycin can hydrplyze in acid media to 
■: 15? desbsarniriylazithromycin, the amount of dissolved azithromycin which had 
V i^^ and converted to its equivalent as azithromycin 

(cbnyersion factor, 1.26). In delayed-release test media, diphenhydramine is 
V v; ; agaJri employed as an internal peak height reference standard for both ; - 

: : samjpie khd azithrbmydn/desosarhinylazithrbrnydn standard 
;;:;20;.;chnbmato 

12. Where no value is given in the Tables, it was riot determjhed. 

^^^This efxarnple d&iiion^rates that a 2 g oral dose of azithromydn gives 
25 a s^^ of gastrointestinal side effects, whether the 2 g is given 

: • C r oral dose or as eight 250 mg doses, given as 250 mg every haif- 

^^vy-V' hour for 3.5 h^^^^ • 

: P^^^.;: ; v; I placebo-controlled parallel group \ 

: study^^^^^ divided into three groups. Group A 

: ; 30 ? received a single 2 g aizithromydn doise as eight 250 mg ficithromydn 
: bai^Ules ("bolus dpsi^^^ 

; " • adrniniJrt(9r8^ mg[ capisules at the rate bf one 2i5b mg capsule 

:j V^^^ 1^ miriutes for 3.5 hr ^divided dosing" group). Group C recbived \ ; 
? r^^^ eight capsules of dmg of 

35 pjaretK) at time 0, and a capsule of drug or plaicebo every half-hour for 3.5 
hr: All subjeds were closed after an overnight fast Blood samples were 
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withdrawn prior to dosing, and at 0.5, 1 , 1 .5, 2, 2.5, 3, 3-5, 4, 6, 8, 12, 1 6, 24, 
48, 72, 96, 144, 192, and 240 hr post-dosing. Seaim azithroniycin 
concentrations were determined using the high perfonrnance liquid 
chromatography assay described in Shepard et a!., J. Chroniatography, 
5 565:321-337 (1991). Total systemic exposure to azithromycin was 
determined by measuring the area under the seruni azithromycin 
concentration vs. time curve (AUC) for each subject in a given group, and 
then by calculating a mean AUC for the group. Cmax is the highest semm 
azithromycin concentration achieved in a subject. Tmax is the time at which 
10 Cmax is achieved. Serum pharmacokinetic data for this exartipid are 
presented in table I- 

Prior to dosing and each blood sampling time, each subject filled out 
a questionnaire, which consisted of a series of "Visual Analogue Scales" in 
which the subject was required to rate, on a scale of 0-10, the severity of 
.15 certain potential side effects. The subjects were instructed that "0" indicated 
an abs^ent effect and "1 0" indicated the worst possible effect. The subjects 
were instructed to interpolate between 0 and 10 for moderate side effects. 

. A total of 45 subjects completed this study: 16 on placebo, 1 5 on 2 g 
single dose, and 1 4 on 250 mg dose every half-hour for 3.5 hpursi For four 
20 side effects evaluated at 20 time points, a total of 3600 individual visuat- 
analogue-scale evaluations were obtained. 

Analysis of side effect visuai-analogue-scale data was carried out in 
two formats. In the first format (T able 11), the analysis concentrated on the 
general ihddence of side effects of a particular type. For each side effect 
25 type (e.g., abdominal pain), Table II reports the number of subjects who 
reported a sco?e >1 at any time during the 240 hr post-dosing, and the; 
: number of subjects who reported a score >4 at any time during the 240 hr 
post-dosing. This analysis assumes that all scores >1 represent a real side 
effect occurrence, howeyer mild or severe. A score >4 is presurned to reflect 
30 a moderate-to-severe side effect occurrence. 

^ In the second format (Table III), the analysis reflects the genersil 
. severity and duration of side effects. For a particular side effect (e:g., 
Abdominal Pain) in a particular subject, all visual-analogue-scale scores 
(over the 240 hr post-dose period) were summed to give a "curnulative 
35 score" over the entire time period of evaluation. "Cumulative scores" for all 
members of a treatment group were sumrned, and divided by the riumber of 
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10 



subjects in the group, to give a Mean Cumulative Score. The scale of this 
r Mean Cumulative Score does not correspond to the original 6-10 scale, 
i: : ; sihbe reflects the siimrnation of ail hon-zerb scores over the entire 
: evaJua^^^ Table III preseints Mean Cumulative Scores for 

;:5;^€U6c)k)mina^ 



the tw6 dtosijrig group^^ reflected In the AUG. was sinriijar:. For the divided 
dosingi group, Cmso^ was tower and Tmax was longer, ais expected because 
thq dosing took p^^ hr, rather than in a single bblus dpse. 

: tabib II demonstrates that abdominal pain, nausea, and abdominal 
cramping were frequent side effects for a 2 g bolus dose, while regurgitation 
Divideddbsihg over 3.5 hr gave a similar side effect ihcldehoe 
; : p demonstrates that the overall severity azithromycin- 

: induced side effects was similar for the bolus-dosing and divided dosing 
:15'. .'treatments; •;- 

•^'^ in Table 11 andfable III dernonstrate that 

/^^^^ : d^^^ a 2 g doisd^ a rate of 50p mg/hrdoes not result in agreatly 
; ;: - imprpv^^ effect Incidence, compared vwth a single 2 g bolus dose. The , 
, y - rnahne^^^ dose was administered in this example ' 

20 resulted in exposure of the upper gastrointestinal tract, i.e., the stdrtiach and 
• d^ 



: 25 2 g Dose ^^^^ Single Dose, or as Eight 250 mg doses every Half-Hour 

^"S-^';^: : ^ : t for 3 5 Hours (mean values). 



TREATMENT 


Cmax 

(^g/m|) 


Tmax 
(hr) 


AUCo-144 
(ng-hr/ml) < 


2 g single 

dbs^. 


1.69 


.1.3 •.■ 


18,8 


250 Mg per 
haifrhrfor3.5 

tir ■ 


i:.; ■•.-1.13,. 


4.4 


18,9 
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Tqbig 11. 

Incidence of Visual-Analogue-Scale scores exceeding 1 or 4 at any time 
during the 240 hour post-dose evaluation period, for the side efif^cts 
abdominal pain, nausea, regurgitation, and abdominal cramping. 
5 Compares 2 g bolus dose vs. eight 250 mg capsules dosed every 
half-hr for 3.5 hr. - 





Abdominal 
Pain 


Nausea 


Regurgitation. 


Abdominal 
Cramping . 


TREATMEN 

T • •■ 












>4 






Placebo 


0/16 


0/16 


p/16 


0/16 


0/16 


0/16 


0/16 [ 


1/16 ; 


2g 

single dose 


6/15 


2/15 


2/15 


1/15 


0/15 


0/15 


6/15 


1/15 


250 mg per 
half-hrfor 
33 hr 


6/14 


1/14 


3/14 


0/14 


0/14 


0/14 


4/14 


0/14 


Note: Result 


s report 


ted as (#patients reporting score )/ (total # patients). 
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MfiJU. - MEAN eUMUUTIVE SCORE^^ ^ ^ ^ ^ ^^^^ C^^^ 
. Meari Cumulative Visual Analogue Scale Data for the Side Effects ~ . ■ - ?^ 
Abdominal Pain, Nausea, Regurgitation, and Abdominal Crarnping, ibv^r the 
■ entire 240 hour post-dose evaluation period. See text for explanation of 
15 "rtiean cumulative score". 



IREAT- 
MENT 


n* 


Abdominal 
Pain 


Nausea 


Regurgi- 
tation 


Abdominal 
Cramping 


Placebo 


16 


0.19 


0.25 


0.06 


1.19 


2 g Single 
Dose 


15 


6.4 


1.93 


0.53 


4.67 


250 Mg/ 
haH-hr for 
3.5 hr 


13 


6.31 


2.77 


1.38 


4.46 



number of subjects averaged 



20 Exampig 2 

This example demonstrates that dosing of 2 g azithromycin directly to 
the human duodenum results in a higher incidence and severity of 
gastrointestinal side effects than observed when azithromycin (2 g) is dosed 
directly to the ileocecal region of the small intestine. This example supports 
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i the conclusion tha^ the incidence arid severity of azithromycin 
C gastrbintesti can be reduced by decreasing the exposure of 'I 

: • ; th^ dubderium to This example also 

^ > d to the duodenum or the 

: 5: ileoMcd^ reigion of the small intestine does not result in any loss of siystemic 
; bioavaiiabifi^^ 

; : - ; ; Heaflhy m^ were divided Into two graiups;: "Group A 

J^^^ a 2 g 9zrt^ administered directly into the duodenum 

BB a Wlutibn yiia a ri^ Group B receh/ed the sa;me ^ 

10^^^ a^^ directly into the ilepc^car region of 

the smsfll intes^ The nasoenteric tube was a 

single lurrieh, 4.5 meter tube with a side port for delivery of drug. Placemerit 
V the tii^f^^ and ileocecal delivery was confirmed by • 

flubrbscopy. Infusions to the duodenum or Ileocecal region were 
15 adniiniste All subjects 

Subjects were randomized to receive 
, azithrbnfiyqin nasoenteric tube and intravenous infusion in a 

controlled fashion. Two weeks later/ subjects vifere 



20 ^ITO^ arid at 0;08, 0.17, 0.33, '. 

• 6^^ 2, 4, iB,}12, 24, 48,72,^nd 96 hr postKlosing; Senjfn ffilthrbnr^ ., 
c^^^ determined using the high performance liquid 

^^^^^^^ V c et al., J. ChromatograiDhy, 

565: 321-337V(t9^ 
25 cletermined by rneasurihig the area under the senjm azithromycin 
: coriciEintration vs. time dJrve (AUG) for each subject in a given group, and 

• ,theh by calculating a mean AUG for the group. Gmax is the highest serum 
^^X^^^ cbncehtrfirtioh achiew^ in a subject. Tmax is the time at which 

Omax is abhieved. Serurn pharmjacbkinetic data for this example are ■ 
3d presented in Tsible IV. In ori^ leg of this study, all subjects received an 
^ J i^^ g azithrornycin dose. The Intravenous AUG was determined 

jn order td c^^ and ileocecal bioavailabilities, 

-::V.-as^!describe^ 

^ -- y each blobd sartipling time, each subject filled put : 

35 a questionnaire, which consisted of a series of "Visual Analogue Scales" in 
:•; ;y^:^^>w^^^ required to rate, on a scale of 0-10, the severity of 



wo 95/30422 



48 



PCT/m95/00264 



certain potential side effects. The subjects were instructed that "0" indicated 
an absent effect and "1 0" indicated the worst possible effect. The subjects 
were instmcted to interpolate between 0 and 10 for moderate side effects. 
A total of 1 1 subjects completed this study: 5 on duodenal dosing and 

5 6 on ileocecal dosing. For four side effects evaluated at 14 time points, a 
total of 616 individual visual-ahalogue-scale evaluations were obtained. 

Analysis of side effect visual-analogue-scale data was carried out in 
two formats. In the first format (Table V), the anatysis cdhcehtrated on the ; 
general inclderice of side effects of a particular type. For each side effect 

10 type (e.g., abdominal pain), Table V reports the number of subjects who ; 
reported a score >1 at any time during the 96 hr post-dosing, and the ^ 
number of subjects who reported a score >4 at any: time during the 96 hr 
. post-dosing. This analysis assumes that all scores >1 represent a real side 
effect occurrence, however mild or severe. A score >4 iis presumed to reflect 

15 a moderate-to-severe side effect occurrence. 

In the second format (Table VI), the analysis reflects the general 
severity and duration of side effects. For a particular side effect (e.g., . 
Abdominal Pain) in a particular subject, all visual-analogue-scale scores 
(over the 96 hr post-dose period) were sumrned to give a "cumulative score" 

20 over the entire time period of evaluation. "Cumulative sc?ores" for all 

; members of a treatment group were summed, and divided by the number of 
subjects in the group, to give a Mean Cumulative Score. The scale of this 
Mean Cumulative Score does not correspond to the original 0-10 scale, 
since it reflects the summation of all non-zero scores over the entire 

25 evaluation period. Table VI presents Mean Cumulative Scores for ^ ^ 
abdominal pain, nausea, regurgitation, and abdominaj cramping: 
Table IV demonstrates that the absorption pf a duodehally 
administered solution dose of azithrbmycin is fast, as evidenced by a short 
Tmax of 0.3 hr, and a high Cmax. Ileocecal dosing resulted In slower 

30 absorption, with a measured Tmax (1.39 hr) which is similar to the Tmax . 
observed for oral capsule dosing ici Example 1 (1.3 hr; Table I). The overall 
systemic exposure to drug (AUC) was 15% lower for ileocecal dosing 
compared with duodenal dosing. When compared to intraverious dosing in 
the same subjects, the bioavailability for duodenal dosing was 43.iB%, and ■ 

35 the bioavailability for ileocecal dosing was 39.1%; where bioavailability, 
e^g., duodenal bioaviailability. is defined as AUCduodenal/AUCjv x 100. 



V : The bioavailability of the duodenal azithrbrnycin solution was slightly larger 
: than the oral blpavail^^^ which is typicailly . 

: ;*v ;:;:V ^about 38%. The bioavallabil^ 

> y-y ' ; " 

: v 5 demonstrates that the incidence of : 

> ' N : ; iieoci^ demonstrates that the pverall ispveri^ of 

■:'y y^'M'y-.-^^^ .^- ^jleociecal dosing. [ •;• l- v 

V^'iy^^^^^^^^^ • ^ Table IV . ■ • 

:A2ith Phamaookinetics for a 2 g Solution Dose administered to the 

^ or ileocecal {n=6) region of the small intestine via : 



TREATMENT 


Cmax 
(ng/ml) 


Tmax 
(hr) 


AUCo.96 
(iig-hr/ml) . ; 


Duodenal 


3.24 


0.3 


17.0 


, Ileocecal 


0.77 


1.39 


14.5 



- ^ .■^_;::;;v.-.: .... Tabiev. ; 

\-: Iriddence of Visual-Anal^ scores exceeding 1 or 4 at any time 

20 during the 96 hour post-dose evaluation period, for the side effects 
, ; : laiM and abdominal cramping. 

• V administration directly into thie duodenal {n=5) 

: ■ and ileocecal {n=6) regions of the small intestine, 





ABDOMINAL 

: : ;pAiN 


NAUSEA 


REGURGITATION 


ABDOMINAL 
CRAMPING 


TREATMENT 




■•■■.>-4; • 


>i 


>4 


■.■>i 


>4 


■■.>"i: ;•• 


■■ .>4 ■ . 


Duodenal 


.4/5 




2/5 


1/5 


3/5 


0/5 


5/5 


0/5 


Heo-cecal - 


2/6 


P/6 


2/6 


0/6 


0/6 


0/6 


2/6 


0/6 
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labteVl. MEAN CUMULATIVE SCORE 
Mean Cumulative Visual Analogue Scale Data for the Side Effects 
Abdominal Pain, Nausea, Regurgitation, and Abdominal Cramping, over the 
entire 96 hour post-dose evaluation period. See text for explanation of 
5 "mean cumulative score". Dosing of a 2 g azithromydn solution was directly 
into the duodenal or ileocecal regions of the small intestine. 



TREATMENT 


n* 


Abdominal 
Pain 


Nausea 


Regurgi- 
tation 


Abdominal 
Cramping 


Duodenal 


5 


13.4 


11.6 


7.2 


13.2 


ileocecal 


6 


2.7 


2.0 


0 





^ number of subjects averaged 



10 ■ • . . . • •• \ 

Example 3 

This example demonstrates that, when azithromycin is dosed 
: intravenously, the incidence and severity of gastrointestinal side effects is 
low, compared with the incidence and severity of gastrointestinal side 
15 effects resulting from oral dosing at an equivalent dose. These observations 
support the conclusion that the gastrointestinal side effects of orally dosed 
azithromycin are locally mediated in the gastrointidstihal tract by djiBCt 
contact between the orally dosed drug and the intestinal wall, and do not ; 
result primarily from effects related to the presence of azithromycin In the : 
2a systemic circulation. : / ■ / 

Healthy male subjects were divided into four groups. Group A 
received a 2 hr intravenous infusion of a placebo solution (0 g azithromycin). 
Group B received a 2 hr intravenous infusion of a 1 g dose of azithromycin. ; 

25 Group C received a 2 hr intravenous infusion of a 2 g dose of azithrofhycin. 
Group D received a 2 hr intravenous infusion of a 4 g dose of azithromycin. 
Based on an oral bioavailability of 37%, these intravenous doses of 6, 1 , 2, 
and 4 g are equivalent to oral doses of 0, 2.7, 5.4, and 10.8 g, respectively. : 
Ail subjects were dosed after an overnight fast. 

30 Blood samples were withdrawn prior to dosing, and at 0.25, Q.5, 0.75, 1 , 
1.5, 2, 4, 8, 12, 18, 24, 72, 96, 144, 192, and 240 hr post-dosing. Semm 
azithromycin concentrations were determined using the high performance 
liquid chromatography assay described in Shepard et aL, 
J. Chromatography, 565: 321-337 (1 991 ). Total systemic exposure to 
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; p^^^ determiri6d by me£^ the area under the seiurri . ; 

; ; ^aathrom^^ vs. time curve (AUG) for each subject in a glvien 

group, and then ^b^^ a niean AUG for the group" Cnriax is the 

; ; highest serum azithrdm^ concentration achieved in a subject. Tnrigpc is 
: 5 the time at which Gniax is achieved. Seitim phamriacokihetlc data for ^ 
f : example a^ I 

V^^^ arid each blood sampling time, each subject filled out : 

- a qiies^^^ of a series of "Visual >^nalogue Scales" in 

subjed Was required to rate, on a scale of 0-10, the severity of ■ 
10 certain potential side effects. The subjects were instnjcted that *0" indicated 
^ yd^^^ worst possible effect. The subjects ; 

: : t: were mstmcted to Irtterpolate between 0 and 10 for moderate side effects.^ 
' ^ total of i22 subjects completed this study: 5 on placebo, 6 at 1 g • 
: azithrbm dose,-6 at 2 g azithronriydn total dose, and 5 at 4 gi V V 

15 For four side effects evaluated at 18 time points, a : 

: : V^^t^^ of 1 ,584individuar evaluations were obtained. 

; ; Ahaiysis of side effect visual-analogue-scale data was earned out |n 
first format (Tabteyill), the analysis concentrated oh the 
V v:general^ Por each side effect 

20 type (e.g:, abctom Jabie Vlil reports the number of subjects whti 

^^^^^^ • ■ a sibore ^ jEtf any ^me during the 240 hr post-dosing, and the 

niiiriber of subje^^^ reported a score >4 at ariy Urne during the 240 hr 
post-dosing, this anatysis asisumes that all scores >1 represent a real side 
effed bccuhrence, how^ severe. A score >4 is presuitied to reflect 

25 a moderate-to-seviere side effect occurrence, 

: / \ : 1^ second fonmat (Table IX), the analysis reflects the general : 

severity and duratibn of side effects. For a particular side effect (e.g., 
: -Abdominal Pain) in a particular subject, ail visual-analogue-scale scores 
^^^^ 240 hr post-dose period) were summed to give a "cumulative 

30 : scons" 6 period of evaluation. "Cumulative scores^ for all '\ \ 

; ; m of a treatment group were summed, and divided by the numt)er of 
^ subjects in the group, to give a Mean Cumulative Score. The scale of this • 



4 since it reflects the summation of all non-zero scores over the isntire 
35 iQyaluation period. Table IX presentis Mean Curhulative Scores for 
Ca P^^y nausea, regurgitation, and abdominal cramping. 
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Table VII presents pharmacokinetic data for the intravenous 
azithromycin dosing of this example. Comparison with Table 1 of Exainlple 1 
demonstrates that intravenous dosing of azithromycin results in higher 
systemic exposure than does oral dosing. For example, a 2 g intravenous 
5 dose gives an AUG of 45.6 pg-hr/ml (Table VII), while ai 2 g oral dose gives 
£m AUG of 18.8 jig-hr/m! (Table 1). Thus, for the purpose of comparing 
gastrointestinal side effects of orally and intravenously administered ; 
azithronrycln, it is generally appropriate to compare a 2 g oral dose with a 1 
g intravenous dose. In fact, the systemic drug exposurei achieved by a 1 g 
10 Intravenous dose (AUG»23.4 jig-hr/ml) is more than the i^stenrilc drug 
exposure provided by a2g oral dose (AUG=18.8^g-hr/ml): 

Table VIII (same format as Table II) demonstrates that the incidences 
of abdominial pain, nausea, regurgitation, and abdominal cramping were 
low after a 2 hr intravenous infusion of 1 .0 g azithromycin. Comparison of 
15 this data with side effect incidence data for a 2 g oral azithromycin dose 
(which gives approximately the same systemic azithromycin exposure) (see 
Table II) demonstrates that, for approximately the same degree of systemic 
dnjg exposure, oral dosing causes a much higher incidence of side effects. 
These observations indicate that the gastrointestinal side effects of brally 
20 dosed azithromydn do not primarily result from exposure of the systeimic ' 
circulation to the drug, but instead most iiicely result from direct exposure of 
the intestinal wall to the drug. 

Table VIII also indicates that, at higher intravenous azithromycin 
doses, e.g., 2.0 g, gastrointestinal side effects occur. A 2.0 g intravenous 
25 azithromycin dose is equivalent to a 5,4 g oral azithromycin dose/ from the 
standpoint of equivalent systemic drug exposure. At an even higher 
intravenous dose, a higher side effect incidence is observed. While Gl side 
effects can be elicited by high intravenous doses, these observations are 
consistent with the staternent that azithromycin Gl side effects are rhediated 
30 by direct contact of the drug with the intestinal wall Iri the lumen, based upon 
the following additional study. Twelve ileostomy subjects were administered 
an IV infusion of 500 mg azithromycin over 1 hr. Serum was collected 
predose and at 0.17, 0.33, 0.5, 1,2, 4, 8, 12, 24, 48, 72, 96, 120, and 144 hr 
following initiation of the infusion. In addition, the contents of the subjects' 
35 ileostomy bags were collected for the following intervals: 12 hr predose, 0-iB 
hr post-dose, 6-1 2 hr post-dose, and 1 2-24 hr post-dose. The serum and 
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Inithe24hr 

: ; fte^^ iV azithromycin dose, 13% of the dose was ro(x>verecl intkct in ; 

■ : ; V : ; the ileostomy fluid Jndi^ that IV-administered azithromycin enters the ;^ 

• ; 5 transintestinal elimin^lon. Thus it is not surprising that high intravianous v 

Y ; : doses of a^^ gastrolntesBnai side effects, since a pbrtibn 

; of the iy dose partitions into the lumen of the small intestine. 

: r i ^ that the overall severity of gastrointestinal side ■ . 

; ; C v^^^ :€^^ from a 1.0 g intravenous dose is low, and is lower than that - V 

vlp observed for a :2 g^^ III). Based on Wi oral / • 

: bioayailabiiity of 37%Vthese intravenous doses are equivalent to oral doses/: 
^^^^^^^ V 

: ; IV dose into the lumen of the ismall 

? ; <,^-^;^^ ^^^^^^ v^^ 

: ; 20 : • • ^ b - : ( 9 (0=6) or 2 g (na:6) or 4 g {n==5) total dose. , : ; , : V ; : 



TOTAL IV 
DdSE 


EQUiVALENt 
ORAL DOSE* 


(ug/rnl)' 


(hr) 


AUCo-inf 
(ug-hr/ml) • 






3.11 


1.9 


23.4 




••• -r; •5.-4 v.; 


;6.84 


1.8 


; 45.6 


;-:4.o-;. -y: 


•10*8 


9.91 


-■.■■i.i-:;. 


82.i- 



y v ; ' Calculated by dividing the IV dose by the oral bioavailability of 



25 
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Table VIII . 

incidence of Visual-Analogue-Scale scores exceeding 1 or 4 at any time 
during the 240 hdiir post-dose evaluation period, for the side eff^s 
iabdominal pain, nausea, regurgitation, and abdominal cramping. 
5 Compares Intravenous doses of 0 g (placebo), 1 g, 2 g,and 4 g iazlthroniydn. 
infused over a 2 hr period. Based on an oral bioavailability of 37%, these 
intravenous doses are equivalent to oral doses of 0, 2.7, and 5.4 g, 
respectively. Reported incidences for the 1 .0, 2.0 and 4.0 g doses have not 
been conrecled for placebo effects. 





Abdominal 
Pain 


Nausea 


Regurgitation 


Abdominal 
Qriamping 


IV DOSE 


>1 V 


>4 


>1 


>4 


>1 


>4 


. >i., 


.•>4 , 


Og 


2/5 


0/5 


1/5 


0/5 


0/5 


0/5 


1/5 


0/5 


ig 


i/5 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 


2g 


2/6 


1/6 


4/6 


2/6 


1/6 


0/6 


1/6 


1/6 


4g 


4/5 


0/5 


3/5 


2/5 


1/5 


1/5 


4/5 


2/5 



Iab!eJX.MEAN CUMULATIVE SCORE 
Mean Cumulative Visual Analogue Scale Data for the Side Effects ' 
15 Abdominal Pain, Nausea, Regurgitation, and Abdominal Cramping, over the 
entire 240 hour post-dose evaluation period. See text for explanation of 
"mean cumulative score". Azithromycin was dosed intravenously at a total 
dose of 0 g (placebo), 1 g, 2 g, or 4 g. Based on an oral bioavailability of 
37%, these Intravenous doses are equivalent to oral doses of 0, 2.7, 5.4, 
20 and 1 0.iB g , respectively. Mean cumulative scores for 1 .0, 2.0 and 4.0 g 
doses have not been corrected for placebo effects. 



IV DOSE 

(g) 


n* 


Abdominal 
Pain 


Nausea 


Regurgitation 


Abdominal 
Cramping 


0 


5 


8.8 


3.2 


2.6 


•.■:3.4 


1.0 


6 


1.5 


0 


0 


0.5 


2.0 


6 


5.7 


13.2 


0.5 


3.8 


4.0 


5 


12.8 


10.6 


3.8 


• 11.8-1 



nunriber of subjects averaged 



25 Example 4 

This example illustrates a process for maldng a susftained release 
azithromycin multiparticulate membrane-moderated reservoir systerh which 
releases azithromycin at different rates depending on coating thickness of a 
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V;V;v^^^^^ barrier coating: The process comprised p)p uncoaited ; 

• azhhrpmyciri mulflparticula^^ (2) applying a diffusion barrier 

',Xr: ;: > coding oveftthe cores. This example further illustrates the in vitro sustained 

. : : release^^^d^^ test procedure for evaluating dissolution and release of 

: • > ! 5 azithrbmydn from the dosage form^ 
, ; : V ■ ; ; ;A2ithro^ multiparticulate cores were prepared by 

v:; ; Ibiehdihg azrt^ with nilcrocrystalline cellulose (Avicel® PHIOI, FMC • 

}:W-:' ■ ; btend In a Hob^rt mixer With water equivalent to approximately 27% of the 

V 'i: V ^ (Luwa EXKS-1 extruder, Fuji Paudal Co.,bsaka Japan), spherohizlhg the 
^ IJv y Paudai Co^ and drying the final 

'cores which ^^ere at)but1 mm diahteter. The final sustained release beaids 

V : J ^^^^ ^^ 

V 15 ethylcellulosei dispersion (Surelease® , Coiorcon, West Point, PA, typically 
• ? ; ; ^; ■ a^^ concentration ). For example 4A (about 100 g batch ; 

''^l'^ A \ s|^^ coaling was conducted in a bottom spray Wurster fluid bed cpater 

; |(A^rbmallc Stnra Niro Inc., Bubendorf, Sv^tzerland). For examples 4B, ^ 
: V ; /; (aibout 1 kg batch sizes), fina[ ^ vras conducted in ia rptery';^^^ 

^ :^ / A 9^ny!3ti*r (CF^60 grantilalor; Freiind Indust., Tokyo, Japan). The amount 

oiw^ varied to obtain different dissolutiori rate behaVioK ^ 

■ 13% 
-.r'"-- - ^^Sureieas^ .;. 

; Rhished sustained release multiparticulates were tested using the 

/ - ' : • • ;: ' : Example 4D was tested as 1 ,500 

/ mgA multip^^ and examples 4A through 4C were tested as 250 mgA ; 
^ : ; niultiparticUlate iri a bapsule. Examples 4A through 4D saBsty the in vittx) ; - 
y? i5Ustaihed release diisisblution criteriia and jare sustained releas9 
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TABLE ^1 



In Vitro, 
Sustained Release 
Dissolution Criteria 



4A 13.0 

2.0 bpadry^ 

4B 11.1 

4C . 13-0 

4D 13.0 



^ 200 


^ 500 


^1,000 


^ 1,500 


• - 

^2,000 




Qo.25 


Qi 


©2 


©4 
moA 


Qb 


SnUfal Oose 
Tested (mqA) 


0 


9 


44 


104. 


175 


■' ■ V-2 50 " • 


4 


33 


113 


144 


1 54 


250 . .: 


b 


18 


35 


50 


83 


\ ■;'';25.0* / '; 


38 


128. 


252 


465 


641 


1500 



5 This example illustrates using temporal criteria in conjunction with in \ 

yntro dissolution test results to design a dosage fomi, such as a sacheti 
which exhibits a desired dissolution profile. 

Using the /n wfro dissolution test results from Example 4B, it is 
desired to make a sustained release dosage fomi. Using the temporal 
10 criteria and the comesponding data of Example 4B, a maximum scaled mgA 
df multiparticulate was calculated for each individual temporal criterion, and 
set forth in Tat>le 5-1. 

. TABLE 5-11 

IS EMiAXDaflyiiyii scaled noisig 



Temooral Criteria 


Example 4B 
Dissolution Results 


Maximum Scaled mgA 


< 200 mg A in 15 min. 


4 mgA in 15 min. 


12,500 m^Am 


< 500 mgA in 1 hx. 


33 mgA in 1 Dir. 


\ 3,788 -mg Am • . 


^1,000 mgA in 2 hr. 


113 mgA in 2 iu*. 


2,212 BBTigAm 


1,500 mgA in 4 fitr. 


144 mgA in 4 hr. 


2,604 mgAm 


^ 2,000 mgA in 6 hr. 


154 mgA in 6 lir. 


3,247 mg Am 



Each maximum scaled value was calculated by scaling up the results 
of Example 4B to yield the highest value consistent with the corresponding 
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/ V For instance the iftaximum scaled \^ 15 minutes 

> : • • (12,5(W mgAm^ as 200 mgA x (250 mgAm 4 mgA), wher^ 

\ ' to the initial dose tested. The maximuni scaled y . ;: ' 

V V • ; 2 hr (2,212 mgAm) was similarty calculated ais 1000 mgA x (250 

: : j ?,:^^^^V^^ T^ maxinrium scaled dose of Example 4B 

: > • >^ which ishpuld be used to make a dosage folniri within the ;: ; ; • 

^; : • s^ Inyehtipn Is 2,212 mgAm. the minimuiii of the maximuni scaled 

/• • ■ ^ 

: u :V ^ ^ ^^^P ^ - V closes were also calculated using the tempbraj ; 

^ of Examples 4A, 4C, and 4D in the same 

^J;^/^^ ■ MAXOIM SCALED DOSE .. . 





' ElAaatlliniiiim Scaled Dose 




of Sustained Release 




■ MMl1tllP)ai1tlPWla1te ■ 




■-, 2,857 mgA 




2,212 mgA 




6,024 sngA 


. 4IJ" 


4,680 BhgA V 



This example in using weight criteria in conjunction with in 

yhro 6\sBo\u^^ test results to custom design a dosage fomi tailored for an 
: animal of a given body weight. The data of example 4B are employed to 
c^ilcuiate the minimum body weight for each of the weight criteria. 
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■ TABLE 6-1 • • . . 
•MAXiiiflyHfl DOSE FOR A GiVEIM BODY WEOGHT 



Weight Criteria 
$ 4 mg/kg in 15 mln. 

< 10 mg/ikg In 1 hr. 

^ 20 mg/kg In 2 hr. 

^ 30 mg/kg in 4 hr. 

^ 40 mgA/kg in 6 hr. 



Maximum Scaled mgA 
E^tample 4B of multiparticulate for 
PtSSPlMtiPn Results lOO kg body weight 



4 mgA in 15 mln. 
33 mgA In 1 hr. 
113 mgA In 2 hr. 
144 mgA in 4 hr. 
154 mgA In 6 hr. 



25t000 mgAm 
7,576 nig Am 
4,425 mgAm 
15,208" mgAm 
jB;494 mgAm 



10 



15 



Each maximum scaled value was calculated by scaling up, to a 100 
kg animal weight, the results of Example 4B to yieki the highest value 
consistent with the corresponding weight criterion. Fpr instance, thie 
maximum scaled value at 15 minutes (25,000 mgAm) was calculated as: 4 
mg/kg x 100 kg x (250 mgAm ^ 4 mgA), where th^ 250 mgAm conresponds 
to the initial dose tested. The maximum scaled value at 2 hr was similarly 20 
mg/kg X 100 kg X (250 mgAm 113 mgA). ^ 

Table 6-1 indicates that the maximum scaled dose of multiparticulate 
which should be used to make a dosage form within the scope of the 
invention is 4,425 mgAm, the minimum of the calculated scaled values. 

In the same manner as above, Table 6-2 lists the Calculated 
maximum amounts of sustained release muKiparticuiate for Examples 4A, 
48, 40, and 4D which should be employed for a given body weight of 
100 kg to make a dosage fonrn within the scope of the invenbpri - 



"i-;- ■ :;; liVia}timunni Dose Delllverable To A Given Body Wenqh^ . •. . 









Sustained Release Ey2ulftipaKticuiate 


Example 


100 ka Bodv Welf^hv 


. . 4 . 


: "5,7t4 mgAm 


.•••••■:",«B 


" '4,425 mgAm '■■ 




: . .1 2,048 mgAm 




. 9,360 mflAm • • 



■ ''\:. : Example 7 - ' • '••y^- • ; ' 

• ^ This e^^ illijstrates using the weight criteria in conjunctioh with 
^"^^ : animal body 

;V ^>:^^3 ■ V w dosaige fomi should be used. 

• : A sustained release sachet conitsuning 2000 mgAm Is nriade with the V . 

''■■■'^C'^-^ ; ^ : TABLE .7-11 ; 



• Welqht^m?^^ 


Example 4B 


Minimum Scaled Body Weight 
for use with 2.000 ma Am 


^ 4 mg/tcg On 15 mln. 


. ; 4 mgA In 15 mln. 


» kB ' ,". 


■ r^ k jO' mglkg -in i; iir. 


- '33 inrigA in l. hr. ' 


'26.4\hg - /• 


■ /;$ -.20 • nig/teg On -2 hr. 


113 mgA In 2 hr. 


-45.2 - kg ; 


:< 30 mg/^^ On 4 Oir. 


.144 mgA In 4 hr. 


• 38.4 kg ■ / • 


^ 40 mgA/Scg In S Jir. ^ 


154 mgA In 6 hr. 


30.8- kg 



> V : j i :Eabh minimum was calculated by using the data ; 

C : ■ 9* Example 4B and assuming a: 2000 mgAm fp calctil^e the smallest weight ' 
• each individual cori^sponding wieighrt criterion. For^ instance ; 
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the scaled value at 1 5 minutes (8 kg) was calculated as: 2000 rrigAm x (4 
mgA/250 mgAm) (4 mgA/kg). The maximum scaled value at 2 hr (45.2 1^) 
was similarly calculated as: 2000 mgAm x (1 13 mgA/250 mgAm)^.{20 . 
mgA/kg). 

5 Tdble7-1 Indicates that the minimum body weight to which a siachet 

containing 2000 mgAm of Example 4B should be ekJmlnistered is 45.2 kg. 

the maximum of the cateulated scaled body weights. 

^riimum scaled body weights were also cakxiletted using the weigM^ 

criteria together with the dissolution idata of Examples 4A, 4C, and 4D in the 
10 same manner as above. Table 7-2 summarizes the minimum body weight 

for 250 mgAm and 2000 mgAm total doses of Examples 4A,46, 4C and 4D, 

to make a dosage within the scope of the invention. 

TABLE 7.2 , 

15 Minimum Body Weight At Given Dose 





iynnlmum Body Weight Minimum Body WelgDit 
per 250 mgA per 2000 mgA 
Sustained Release Sustained Release 
Multioarticulate Muttloarticulate 


4A 


4.4 kg 


35.0 kg 


4B 


5.7 Itg 


45.2 kg 


4C 


2.1 leg 


16.6 kg 


4D 


2.7 kg 


21.4 kg 



: Example 8 

This example illustrates a process for making sustained release ; 
20 azithromycin multiparticulate membrane-moderated reservoir systems which 
release azitlironrycin aft different rates 

diffusion barrier coating. The process comprised applying a diffusion barrier 
coating directly to an azithromycin multiparticulate, this example further 
evaluates, by the in vitro sustained release dosage test, the release profile. 
25 Azithromycin-containing multiparticulates were prepared by loading . 

1 ,000 g azithromycin compound directly into a rotary granulatpr/coater 
: (Freund CF-360 granulator). Then, a plasticlzed ethylcellulose (Surelease®) 
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: ; :Coating suspension diluted to 15% solids was sprayed onto the rotating bed 
of azithrbnriydh part^^^ spray application, botti agglomeratibn of 

agglomerates with tlie diffusion barrier membrane occurred. In some 
5 examples, a water soluble coating of Opadiy® (typically diluted to 10 % 
solids for spraying) was applied over the barrier membrane as added 

I jpitci^^ ' - \ ^ . 

in 



Id 



results are presented In Table 8-1. Examples 8A through 8G satisfy the m 
yiim sustained release dissolution criteria and ^re sustainied release 
yenibbdimehts oHhe Invention. ^^^^-^ . 



TABLE 8°1 



15 



in Viiro 
. Sustained Release 
; * - • Dissolution Criteria 


Qo.25 
^ 200 


Ql 
$ 500 


©2 
,£1000 


Q4 
< 1500 


£2000 




. Example Wo. • -. • 

(Mean Particle sure lease^ Qb 25 
^^l^^« ttm) Cbatlho (%V 


Ql 


■:-'Q2 


Q4 
nioA 


Q 6 


flnitial Dose 
Tested 
mqAm 


>:8a" '(240 im) ' ^'i-b.t 




.110 


206 


216 


228 


f /; '228 ' 


8B (240 iin) lei 1 

■•'/-^ y ]: 9-5 :;Opadry* 




191 




106 




'*'2S0 ■ 


8C (280 nin) 22-.7 

/ i.6 Opadry® 




110 


: 141 


1S8 


214 




8b (310 fim)r . 27.1 




104 


212 


257 


265 


272 


8E (315 ]im) 25.1 . 




45 


. ;"t4 • 


116 


138 


250 


8F (335 )im) / 30:9 , ; ; 






45 




119 


. - j-80 • V. 


8G (400 iim) . . 35:6 

■ ■^<:ioij' Opadry^ 






32:' 






166 



20 



Estample^ 8B, 8C and BG Hiave a water soluble ppadry ® protective coating 
^ added over 'the SureSease.® diffusipri banrfier coating. For .the case of ' • 
E:iample8B, a 0.5% Opadry®. coating was done over a 16.6 % 
Surelfase^ coating^ ^ 
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- . Example 9 

this example illustrates a process for making sustained release 
: azithromycin multiparticulates which release azithromycin at different rat^s 
: depending on the thickness of a diffusion banier coating. The process 
5 comprised (1) preparing uncoated azithromydn muitipaiticulate bores; and 
(2).appiying a diffusion barrier coating over the cores, this example furtheir 
evaluates the release profile of the multiparticulates. 

Azithromycin-contatning multiparticulate cores were prepared using a 
fluid bed processor with rotor insert (Glatt GPCG-5 by Glatt Air Techniques, 
10 Ramsey, NJ.). The rotor bowl was Initially charged with 2,500 g^of 

azithromycin drug and plasticized hydroxypropyl methylcellulose (Opadry®) 
bfinder solution (10% solids concentration) was tangeritially sprayed into the 
rotating bed until an average core granule size of about 250 ^im was 
achieved Next, a plasticized ethylcellulose (Surelease®) coating 
15 suspension diluted to 15% solids was sprayed onto the core particles. A first 
; batch of coated partteles was made with a 40 % codt. A second heidh was 
then made with a 50 % coat 

Fmished sustained release beads were tested using the /n.wY^^^ 
sustained release dosage test procedure pre^ousiy described and the ^ 
20 results are presented in Table 9-1. Examples 9A and 9B aire sustained / 
release embodiments of this invention. 

TABLE 9-1 - 

In Vitro Sustained . Qo.25 Ql Q2 Q4 . 
Release Dbsage Test £ 200 £ 500 £1,000 £1,500 £2,000 . 
Dissolution Criteria* 



Dhitlal Dose 



Example 


Sureiease® 
portinq {%) 


Qo.25 
moA 


Ql 


Q2 


Q4 

aiB& 


Q6 \ 


Tested 
gngAm 




40 


55 


221 


401 


759 


826 ' 


1000 


9B : 


^50 


11 


43 


120 


275 


382 . 


1006 



Example 10 

This iexample illustrates using the sustained release dissolution 
criteria in conjunction with in vitro dissolution test results to design a dosage 
30 fomi which exhibits a desired release profile. 
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:\ in Exisu^ Example 9 were employed in ■ : ; • 

mgAm, cx)rrespondihg to both Example 9A and 9B, which should be used to 
make a dosage form according to the Invention. Table 10-1 summarizes the : 
^ ^ ; • 5 - rnaximum scaled d^^ 

\--./-:-*/ i^/' ^MIasciln^l^{l^^l Scaled Dose }'\ -\ }^ : • 





B/Iaxlmum Scaled Dose 




of Sustained Release 


Example 


MumDartleulate 




1.976 mgA 




; 5,236 mgA 



Example i1 - • ' • . 

;i^> v ; l;his e weight criteria in conjunctibri with 

: 1^^ v/f/p test results to custom design a dosage form tailored for an animal of a . / 
.rgivbh^bbdy weight-- / 

> E>^ple 6, tiw dose Which should be administered to a 100 kg / 

^ 3^ lists the rnsDcimumariiounts of sustains 

V ; ; 20 ;multj|iiarticulate:fe^^^ Examples 9A and 9B which should be employed for a 
^; z^ :.;^^ V dissolution criteriia and body 

: :w^^^ criteria to make a multiparticulate dosage form within the scope pf the : 
• •3\ih^^ 

•;;C:;;:^;'-vi-^^^^ >- table i id . • "7: • V 

■ ■ v-^.: MaKimiuim' Dose Deloverable To A Giyen Body WeHgM 





Maximum Dose . 




SuistainetS Release Rflultlparticulate 


Example 


: m kq Bodv Welqin 


9 A = •• 


•'..•:'■;.?•'■'■.• i3;953 'mgA 


■ •■■'9B-. 


10,471 mgA 5 
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Example 12 

This example illustrates using the weight criteria in conjunction with ; 
in vitro dissolution test results to determine the minimum animal body 
weight with which a sustained release dosage form should be used. 
5 The minimum weights were calculated in the same manner as for 

Example 7. Table 12-1 summarizes the minimum body weight for 250 mgAm 
and 1 ,000 mgAm total doses of Examples 9A and 9p. 

".[■"■. TABLE H2>-1 
10 Minimum Body Weight M Given Dose 





Minimum Body Weight 


Minimum Body Weight 




per 250 mgA 


per 1,000 mgA 




Sustained Release 


Sustained Release 


Exarnple 


RflMUipaniQMlfilt? 


Mumpiiiillctiliite 


9A 


6J kg . 


25.3 kg 


9B 


2.4 kg 


9.6 kg 



"isaiDelsJS 

This example illustrates a process for maldng sustained release 
15 azithromycin multiparticulate In the fonri of a phase inversion membra^^ 
moderated reservoir system. The process comprised applying directly to 
azithromycin-containing -multiparticulate a phase inversion membrane 
coating. This example further evaluates the release profile of the sustained 
release multiparticulate. 
20 Azithrbniydn-containing muitiparticulate were prepared by loading \ 

1,000 g azithromydn-containing particles directly Into a rotary : 
: granuiator/coater (Freund CF-360 granulator). The rotating particle bed was 
sprayed; with a solution containing 7.5 % ethylcellulbse (Dow Ethoce) iS-iO, 
Dow Chenriical, S\/iidland, Ml), 2.5 % polyethylene glycol (PEG 3350); 10 % 
25 isopropanol, 22 % ethanol, 54 % acetone and 4 % water. When 300 g of 
coating solution solids had been applied to the 1,000 g initial charge, a 
sustained release muitiparticulate was formed with a mean particle size of : 
about 450 jim. 

Finished sustained release multiparticulate was tested using the /n : 
30 v/f/o sustained release dosage test procedure. The results are presenled in 
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Table 13-11 ExanVpie 13A satisfies the /n wf/p release criteria ahd b a 
sUsteiined reloads 

tABLE 13-1 - ' 



V In Vltro^ : . v 
Sustained Reletsse 
DlsspliBtloh Criteria 


^ 200 


Ql 
:S 500 


Q2 

^i;ooo 


Q4 

s i;soo 


Qs 
^2,000 




;\^^-jsoiids. 

•:t>6at8ng v 


QO.25 
mqA 


Q1 
moA 


mqA 


Q4 
maA 


■;Q6 

mqA 


Bnitlal Dose 
■ Tested. .': 
maAm 








160 




238 


250 mgA 
Capsule 



10 



15 



20 



v Example 14 '- ; :; - - 
:\ f^^^^ a process for making isustaihed release 

azithromydn hy^ release azithromycih at 

different rates depending on the^ the process comprised (1) 

blending all components except for magnesium stearate; (2) screening and 
reblending the same components; (3) adding and blending magnesium ; ^ 
stearate; and (4) compressing the final blend^ £7* ' 

; In baitch sizes of 150 grams, azithromycin was shaken for about 15 
minutes in a sijiitably liarge jar with all oth^r corripbnents except magnesium 
stearate usiriig a Turbula shaker system (Basel, Switzerland). Next, the 
blend wias passed thr^^ a 40 mesh sieve and shaken again for ten 
minute^^Then,yniagn^^ stearate wab added and the blend was shaken 
for five minutes. Using a Mahesty type F press (Manesty Machines, 
Liverpool, England) , the final blend was compressed into tablets using 
either 13/32 inch standard round concave (SRC) punches for Examples 14A 
through 141 or 3/4 inch standard round flat faced punches for Examples 14J 
and 1 4K: A summary of compositions of Examples 1 4A through 1 4K is 
shown iri liable 14-1 . 



25 
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TABLE 14-1 

Sustained Release Hydrophiiic Matrix Tablet Compositions 



Exannpte 


% 

Azfthmnycfn 
Onmouhd 


% 

. JjtCtOSd, 


% 

HPMC1 


% 
— 


: % 

Afficrocrystaffine 


■•'%-'. v- 

Magnesium 
Steiarate 


14A 


54 


15 


30 




• i" . 


14B 


54 


20 


25 


— 


. .... 




14C 


54 


24.5 


20 


™ 




1.5 


14D 


54 


2i9.5 


15 


. — 




1.5 


14E 


54 


34.5 


10. 


— 


•— 


1.5 


14F 


70 


m»m 


28.5 








14G 


70 




15 


13.5 




1.5 


14H 


70 




20 


8.5 




1.5 


141 


70 




15 




13.5 


1 .5 •• ■ 


14J 


70 


mmm 


15 


13.5 




1-.'5 


14K 


70 




15 




13.5 


1.5 



1 HPMC means hydroxypropyl methylcellulose. All Examples used Dow Methbcel 
5 . K4M-CR (DowChemical, Midland, Ml) 

2 pvp means polyvinylpyn^olidone. Kolloidon 17 (BASF Corp., Parsippany NJ) 
^ MicrocrystalfineCellubse that was used 



Finished sustained release tablets were tested using the in vitro 
10 sustained release dosage test procedure a[nd the reisults are presented in 
Table 1 4-2. Examples 1 4A through 1 4K satisfy the dissolution criteria and 
are sustained release embodiments of this invention. 
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'//.y.':;; y-'-r:'-::-' - table. 1^2 

■Sustathed IBellease M ydroplhiBllic MaMx faaieS Comaosiltions 



i v: In Vitro - . 
. . Suistained Release . 
Dissolution [ Criteria 


^0.25 
S 200 


'"' Pi ' : 

S 500 


©2 
^1,000 


. Q4 - 

^1,500 


QiB 
1^2,000 










©2 . 


',Q4 




Initial Dose 






37 




: 69 


85 


Tablet 

SfiOniaAm 

. _ AvWlllJf Mill 






: . 42 


- — . ■ • 


- .•92 J 


Jill ' 


^Tablet 

&aiinigMiii 








69 


■ '105^ • 


124 


/'■.'.Tablet'' 






- ' 


113 


158 


200 


Tablet. 
. 250 mgkm 


••■•■■■■'•.vVbW:'.;::" ■ . 


".. ---- 


148 


175 


236 


249 : 


Tablet , 
250 imgAm 






•••• 


52 




•-. •94-' 


: Tablet 
■ 250 mgAm 


"bg::::'.--:- 






" ./51 ■ :; 




■ .91 


-""..■Tablet .* 

'OiSfl * Ann Am • ' 








167 


218 


233 


Tablet 
250 mgAm 








10? 


135 


ISO 


tablet ■.; 
250 mgAm 


J -y- ' •■":<* 


go 


201 


276 


413 


481 


tablet 
1000 mgAifn 




BB 


144 


163 


245 


290 


tablet 
loop mgAm 



in 



.fexampliB^;1'5":;y% 

This example iliustrates a process for maidng muHiparticuiates for use 



; ; predproina^ duodenum. The.process comprised (1) preparing 

uhcoated azithromycin multiparticulate cores; (2) applying a firsty stistalned- 
i lb v^release coating oyer the cores; and (3) applying "a second , pH-sensitive, 
y:lj; id^e^e6^e\ease coating over the first coat. This example further illustrates 
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the in intro delayed release dosage test procedure for evaluating 
disisolution of the dosage form and release of azithrbm^ 

Multiparticulate cores containing dmg were prepared using a fluid ; 
bed processor with rotor insert (Model GPCG-5). The rotor bowl was initially . 

5 charged with 2,500 g of azithromycin and plasticized hydroxypropyl 

methylcellulose (Opadry®) binder solution (10% solids concentration) was 
spriayed into the rotating bed until an average core granule size of about 
250; \im was achieved Next, a plasticized ethylcellulose (Sureleiase®) 
coating suspension diluted to 1 5% solids was sprayed onto the core 

10 partides. A first batch of coated particles was made with a totaJ ' 

30 % coating. A second batch was then made with a 40 % coating. Lastly, 
both batches of multiparticulate were coated with a delayed-release cpating 
in a fluid bed rotor processor (Glatt Model GPCG-1) until a desired coatinq ; 
end point (indicated in % In Table 15-1) was achieved. The delayed- 

15 release coating was a suspension containing 12.3 % methacrylic abid 
copolymers (Eudragit® L 30 D-55), 6.2% talc, 1 .5 % triethyl citrate and 
80 % water. For the first batch that had been coated with a 40% 
Surelease® coat, a 20% delayed release overcoat was applied. For the 
second batch that had been coated with a 30% Sureiease® coat, a 33.7 % 

20 delayed release overcoat was appiied.The final product was delayed- 
: release multiparticulate with particles having an average size bf about • 
300 \im. 

The in vitro delayed release dissolution results are presented in 
Table 15-1 and Include the dissolution test criteria. Example 15A is a 
25 comparative example of an immediate release capsule that is outside the 
criteria and scope of the invention. Examples 1 53 and 1 5C are delayed- 
relisase embodiments made with multiparticulate of these examples. 
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15-1 






7n Vitro Delayed Release Dosage Test 

^} ::::. ;. . D 


.QO.25 
S10% 


Q0.5 
> Clo.25 'frip % 




-■r ..y' y . V: Formulation 
EKam^le OojniwisJtlojL f%V 


Qo.25 Q0.5 
(APicf 9taqe) (puff^r 9t?fl9) 


Initial 
Dose 
(mqAm) 






. 1 5 A immediate-Release Capsule 


81 % 


•. • 98 % 


:250 


ISBV : Sustained + Delayed* . 

^^^^^^^^V ' R^ Multifkarticulate 

: . 43.6 % ■ ' azithromycin 
y4i4 ^ Opadry® Solids 
: ^_ % < i v Surelease * Solids 
:.12^ % ;Eudraglt<^ Solids 
= 6.2 % ■" ■;•■:•. "Talc 
:S 1:5 % ;. trlothyl Citrate 


0.6 % 


0.7 % ,^ 


250 


15C , ■ Sustained V Delayed- 
: , .R^iei.ase .Multiparticulate 

. • 42,2 % . azithromycin 
\V : :;4.2 % Opadry® Solids 
: v : 19.9 % : Sureiease® Solids 
; Eudragit® Solids 

10.4 ■ • TsIC 

: V . ^ 2.5 % TrIethyl Citrate 


0.5 % 


6.2 % 


: 250 



^ 5^^ z^^^ ; ,/ illustrates a process for making sustained release 

^ o^^^^ azithromycin at 

J : ; ; on the extent of surface coaling coveragie by an 

^•^ ^^^^^^^^^^ 

• ^^^^ : i iy^^^ first by sh^rig (Turbula System) in a 

■ rninutesthe following: 105 g azithromyd 

--^^^^^^ 

' S^^^ ^Pps® (Avicd PH-1p2, FMC Corp.). The; 

^ -f ^^ ; ■ was then passed through a 40 mesh sieve and shaken for v 

:• ■ :\: v^^; f ^ hiinutes. Then, 2.25 g of magnesium stearate was added and 

^>> ^ \: o V - Jthe m^ was shaken for five minutes. Using a Manesty type F press 

: ; round concave (SRC) punches, the' final ; ; ; 
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Next, the insoluble polymeric barrier material was prepared by 
adding 159 g HPMC (Dow Methocel® K100LV premium CR) to a Hobart 
mixer While mixing at medium speed, 27 g castor oil was slowly added and 
the mixing was continued 15 minutes. An ethylcellulose solution was 

5 prepared in a separate container by slowly adding 10 g ethylcellulose 
(Dow Ethocei® S 1 0) to 1 90 g ethanol while stirring. After the ethylcellulose 
went into solution, the 200 g of ethylcellulose solution was slowly acfcied to 
the Hobart and the contents were mixed for 15 minute?^ The resultant wet 
mass was spread out on a polyethylene lined tray arid dried in a forced hot 

10 air dryer at SO^'C for four hours. After drying, 78 g of the driied niass tflfas 
forced through a 25 mesh sieve and collect^ in a jar. Magnesium stearate 
(2 g) and colloidal silicon dioxide (1 g) were added to the jar land thie jar - 
was shaken for five minutes. 

Using a Manesty type F press and 13/32 inch standard round 

15 concave (SRC) punches, the polymeric barrier material was compressed in 
a variety of configurations over the matrix tablet cores. In one configuration, 
the core was placed in the punch and various amounts of polyrheric barrier 
material were compressed on top of the matrix tablet core. Finished tablets 
produced in this way had a polymeric bamer coat on the top of the nisrtrix 

20 tablet core. In a second configuration, different amounts of polymeric barrier 
material were placed in the die of the punch uridemeath the matrix core as 
well as on top of the matrix core and the composite was compressed into, 
final tablets. Finished tablets produced in this second way had a polymeric 
barrier coat on both the top and bottom surfaces of the matrix table core. 

25 In another process for making polymeric barrier coated hydrophilic 

matrix tablets, an adhesive polymer (Epoxi-Patch, Hysol Corp. Olean, NY) 
was used as the polymeric bamer material and was applied to various 
surfaces of the matrix tablet cores. Polymeric barrier coatings Were not only 
applied to the top land/or bottom surfaces of the matrix tablet core, but also ; 

30 around the sides of the tablet. 

Example 17 

• This example illustrates a process for making delayed release 
35 azithromycin hydrophilic matrix tablets which are clesigned to release 
azithromycin predominantly below the duodenum. 
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■ ^ minUleis In a jar 105 g azithromydn/15 g. hydrbxypropyj met^^^ 

:X ' ■ :v V bow; Methbcel® E4M-CR) and 27.75 g microcrystalline cellulose 

■ ■ V: . ^5 Tries^^^^^ and sHakeri for ten minutes. Then, 2.25 g of miagnesium istearate 

* • : was added and this rnixture was shaken for five miriutes. Using a 

; ' v^^: roiinid concave (SRC) 

x^^^^^^^^^^ ; ^^^^ 

• airid 80 % water Was prepiared and applied as a iO % 

y /y^ using an HCt-30 Hi-Coater(Vector-FrBuhd) to spray the 

• 7: matrix tablet cores. Because the coating Is soluble in erlvlronnrlerite• 

7 7/v^ 

7 where the pH is greater than 5.5, and the cores do iso in a sustained manner 

[y : { r^^^^^^^ pr^dprninantly below the duodenum. 

V- V. - ••' • •■ Example 18 " ■ - "• •;■ 

^ }/':'. -C^y:] ^ i^nthrbmypin sustai^^^^ 

surrounded by a serriipermeable membrane with a pasisage through its 
^^^^:^;7^^'^^ V • s^ : 

aizithrpmycih and the second tablet core l^er contains an 

: : ^\ 7^ 

- fo^ mlhutes Td g polyethylene oxide having a molecular weight of 

methylbellulose (bow Methorol® E4M) In ia jan The ddntents 
■ i;^^; 3^^^ 60 mesh sieve and collected in a jar. Then; 2 g of 

> V ; The second ta^^ core layer material containing azrthrpmj^in was 

; ; 7^ by Ttirbula blending for about 15 minutes 50 g azithromycin, 150 g • 

; ; : ;V 3^^ molecularweight of 100^000 (Pplyox® N-20, 

;V/ v;^^^-^^^--; ; 7 Corp., Danbury, GT) and lOg hydroxyprapy^ 

! m^ Methocel® E4iMj In a jar Theic»rt^ 
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through a 60 mesh sieve and collected in a Jar. Then, 4 g of magnesium 
stearate were added and the mixture Turbula blended for 5 rhinutes. 
: To make a bilayer tablet core, a Manesty type F press with 13/32 
inch standard round concave (SRC) punches was used First, the first tablef 

5 core layer material was partially compressed In the punch. Then; the second 
tablet core layer material containing azithromycin was filled on top of the first 
layer and full compression was appfied to forrn bilayer tablet cores. 

A coating solution was prepared with 68 % methylene diloride, 
28.5 % methanol, 3.3% cellulose acetate (Eastman CA-398-1 0) and : 

10 1.7 % polyethylene glycol 3350. An HCT-30 Hi-Cbater (Vector-f^reund) wias 
used to spray the coating solution onto the bilayer tablet cores. Sufftdent 
coating was applied to form a wall around the tablet core of about 0.006 inch 
thickness. After coating, the coater rotation was reduced and the cores were 
dried for five minutes. The coating forms a semipermeable barrier wall 

15 around the tablet core which is permeable to water and impermeable to 
azitliromydn and other tablet core excipients. 

, A p.5mm hole was mechanically drilled through the coating to expose 
the azithromycin-containing layer to the use environment 

20 . Example 19 e>r> 
This example Illustrates a process for maWng an osmotic 
azithromycin sustained release tablet which was designed with a core 
cprrtaining an osmotically effecthfe composition surrounded by a 
semipermeable meriibrane wth a passage through its surface. 

25 Tablet cores were made first by Turi^ula blending for £d>out id 

minutes in a jar 30 g azrthromydn fumarate with 70 g lactose. The contents 
were passed through a 40 mesh sieve and collected in the jar Then, 2 g 
magnesium stearate were added and the mixture Turi3ula blended for 5 
minutes. Using a Manesty type F press, the final blend was compressed . 

30 into tablet cores using 13/32 inch standard round concave (SRC) punches; : 
A coating solution was prepared with 68 % methylene chloride, 
28.5 % methanol, 3.3 % cellulose acetate (Eastman CA-398-lb) and 
0.2 % polyethylene glycol 3350. An HCT-30 Hi-Coater (Vector-Freund) was 
used to spray the coating solution onto the tablet cores. Suffident coating 

35 was applied to fpmfi a wall around the tablet core of about 01006 inch 

thickness. After coating, the coater rotation was reduced and the cores wejre 

. ' ' \ dried for five minutes. The coating fonms a semipermeable barrier wall 
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; ^ \ arouh the tablet dore which is permeable to water and impermeable to 

^ fazith^pmydn an^ other teblet core ex^ , ■ 

'!:y'^r;P::\lie)A, different diameter passageways from .003 inch to 0.020 inch 
^: : drilled through the top of the semipermeable; ^ 

:5'^^ wialVro eMeHbr of the tabiiet with the tablet core coiitainihg the 

^ a^^ ^: ; . • ; : 

^ Example go . 
^^^^^^^^i^^ illustrates a process for making multiparticulates for use 

10 in making delayed-release dosage if orms designed to release azithromycin . 

duodenum. The process comprises (1) preparing 
uncoated azith cores; (2) applying a first, sustained- 

" : over the cores; and (3) applying a second , 

; pH-isensffi^^ 

15 ( -^^ multiparticulate cores are prepared by 

blending azh vytth microcrystalline cellulose (A>ricel® 

P^^^ Philadelphia, PA) in relative amounts of 95:5 (w/W), wet 

^massing th^ bldhd in a Hobart mixer with water equivalent to approximately 
: 27 % of the weight of t^^ blend, extruding the wet mass through a 
20 pertorateid pj^^^ Fuji Paudal Co.,Osaka Japan), . 

^ : ; s the extmdate (Luwa QJ-230 marumerizer, Fuji Paudal Co.) : 

\ ;:and drying the final cores which are about 1 mm diameter. ' 

; Neixt, a Wu^^ fluid bed processor (Glatt GPCGrl) is 

, A used to coat the uncoated azithromycin-<x)nt^ning multijDarticulaie with a 
25 A plasticizi^d ethylcellulose (Surelease®) coalinjg ; 

^^^^ s^^ 

Typically, a 5 % to 26 % diffusion barrier coating is applied. The amouht of 
- yyl^^ coating applield detenriihes the rate of azithromycin release from the 

30 Lastly^ a Wurster bottom spray fluid bed procisssor {Glatt GPCG-1) is 

' used to apply a delayed release coating over the diffusion barrier coated 
: V partid^ release coating levels are 25% to 50% in order 

. I to b the delayed release dissolution criterion are met. The 

^ d is a suspension containing 12.3 % rnetha.crylic 

35 : abid cppolymers (Eudragit® L 30 0-55), 6*2 % talc, 1.5 % triethyr citrate 
.:- -.v/;::and ■*80 %^atef. .v' 
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: Because the delayed release coating is soluble in ehvirphments 
where the pH Is greater than 5.5, the multiparticulates thus prepared release 
azithromycin from the bamer coated particle cores below the stomach where 
the pH is greater than 5,5, and the particle cores do so in a sustained 
5 mainnerthat delivers azithromycin predominantly below the dudderium. 

Example 21 

: This example illustrates a process for making multipartjquiates for use 
in making delayed-release dosage forms designed to release azithromycin 
10 predominantly below the* duodenum. The process comprises (1) preparihg 
.uncoiated azithromycin multiparticulate cores; (2) applying a protective coat 
over the core particles; and (3) applying a second . pH-sensitiye, delved 
release coating oyer the first coat. 

Multiparticulate cores containing drug are prepared uising a fluid bed 
15 processor with rotor insert (Model GPCG-1 ). The rotor bowl is initially 
charged with 400 jg of azithromycin drug and a binder solution containing 
5% poly{ethyl acrylate, methyl acrylate){Eudragit NE-30-D), 5% " " 
plasticized hydroxypropyl methylcellulose (Opadry®) and 90 % water is 
sprayed into the rotating bed until an average core granule size of about 
20 256>m was achieved. 

Onto the uncoaied core particles in the same fluid bed processor with 
rotor insert, a binder solution containing 5 % plasticized hydroxypropyl 
niethylcellulose (Opadry®) solution is sprayed until a coating of 1 0 % is 
applied This intermediate coating enhances the adhesion to thd core 
25 particles of the final delayed release coating. 

A delayed release coating (typically 15 % to 50 % is required to 
meet the delayed releaise criterion) is applied using the same fluid bed . 
processor as above, the delayed-release coatirig is a suspension 
: containing 12.3 % methacrylic acid copolymers (Eudragit® L 3d D-55), \; 
30 6.2 % talc, 1.5 % triethyl dtrate and 80 % water, the final product Is a 
delayed-release multiparticulate with particles having an average size of 
about 300 ^m. 

Example 22 

35 This example illustrates the preparation of azithromycin bead cores 

and coating them with a cohtrolled-release coating. The coatinig can be 




. i applied in conveiitiohal equipment; Tlie rate of release of drug from the 

i } Daig-cohtsiining beads are prepared by blending azithromycin 

/; ; v - iy' -fa^ nlicrociystalline ceiiluiose (Avicel® CL611/FM^^ - ' : • 

■'■■:-S'.r'-^\^:.C5. afnounts of 95:5; wet-massing the bte^^ 

.,-:^Y::y;/.-:'y}^--:-\ Is pbtaihed, extruding the wet mass through a perforated plate (Lxiwa ' 
: (Luwa spheronizer). The beads so 

? P^^ 

^ ^^^^^^ ; ■ coater {l)a*ch size IQOg): 1^^ coating solution is jprepared by'di^olving 36g 
t 10^^ c^^^ (PEG 

4Gd)r and the required amount of sorbitol in a mixture of inethylene chloride, 

isufficient to biing the polymer concentration to ^ 
coating is iapplied In tiie fluldized bed until the de^red 
thickhess fe obtained sustained-reledse 6f ^ 

15 azithromycin: ' : 

. .: : ; • ? Sbrbitoi in Coating Soiutton 

;f '. ■;::;V:-.3-";^---3gi^^i ' ^- '. 

:v^4::-: 

.•>.^-:Wv:":<:---^: ;::;/:.;■. ■I2g.: v v ;^ 

V v^^ This exartiple illustrates the preparation df tablets coated with a 
' membrane whibh develops pores when placed iri a use envirbnment for 

■ . V 35 ^ : bval-sh^ped tal)lets containing 756mg azithromydn fumarate, lOOmg 
: : • and l Omg itiagnesium stearaie are prepared by cprnpressing a 



. coating thickhesi^ . 

0.01cm :S:^' 
/ Q.02cm "7^^ : 

0.05cm,' 

• 0.li3crn 

■■••'■•b.Olcm • • •'. 
'.:\0.d2cm ■ • . ••■ 

, 0.05cm ;■ 
.0.10cm' ; 
p.O'lcm 
. p.02cm • ■ 

; :,.0.05cm ■ 
' ^ 0. i 0cm ■ ; 
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mixture of the powders on a Carver Press. The tablets are ptaced in a pan 
coater and coated with a polymer solution containing cellulose acetate 
(Eastman CA 383-40) and poly(ethylene glycol) (PEG 400) in acetone, to 
which has been added impalpable lactose to give a ratio of CA:PEG:lactose 
5 of 40:40:20 and a total solids content of 50g/l. The coating process is 
continued until the tablets have received the desired amount of coating. 
Coatings equivalent to 10%, 15%, 20%, 25%, and 30% of the tablet wieiight 
give successive decreases in the rate of azithromycin release. . 

10 Exampig g4. 

This example illustrates the preparation of perforated coated tablets 
with a coating of ethylceljulose which deliver azithromycin from a central 
• hole. • • . • • ■ 

Tablets containing 750mg azithromycin fumarate and lOOmg 
15 hydroxypropylmethylcellulose (Dow i\/iethocel KIOOLV) are prepared by 
compressing a mixture of the powders on a Carver press using a standard 
round die and round flat-faced punches of 1 .3cm diameter. The teblets are 
coated in a pan coater with a solution coritaining 10% ethylcellulose (Dow . 
EC S-1 0) in acetone and ethanol until the applied coating reaches 20% of 
20 the tablet weight The coated tablets are removed from the boater and further 
dried at SO^'C overnight. A 2mm hole is then drilled through the center of 
each tablet to yield a sustained release dosage fonn. 

Example 25. 

25 This example illustrates the preparation of perforated coated tablets 

with a cellulose acetate coating which deliver azithromycin from a central 
•• hole, ■. . . 

Tablets containing 750mg a:dthix)mycin fumarate arid lOOmg ; 
hydroxypropylmethylcellulose (Dow Methocel K100LV) are jprepared by 
30 compressing a mixture of the powders on a Carver press using a standard 
round die and round flat-faced punches of 1 .3cm diameter. The tablets are 
: coated in a pan coater with a solution containing 10% cellulose acetate 
(Eastman 398-10) in acetone until the the applied coating reaches 20% of 
the tiablet weight. The coated tablets are removed from the coater and further 
35 dried at 50''C ovemight. A 2mm hole is then drilled through the center of 
each tablet to yield a sustained release dosage form. 
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' - ; Example 2(5, ■•.■■*.: •■•;*■• ■..■•...• • 
' This examjSle illustrates the preparation of perforated coated tablets 
• with a cbpoiymeric ethylene/Vinyl acetate coating which deliver azithrbmydh 
5 ! Irani a central hole. " ; 

: ^ ; T containing 750mg azithromycin fumarate and lOOmg 

: hydrbxyprppylmethy (Dow Methocel KIOOLV) are prepared by 

V: ^Gompressihg a niixture of the powders on a Carver pres^ using a standard 

• round die and foU punches of 1.3cm diameter. The tablets are 

10 boated into a solution corrtaining 10% ethylene vinyl acetate / 

: (^^^ Co.) in methylene chloride. The coated tablets are ifurther 



; eac^ yield ai sListained release dosage form. 

15 ^ - iExample 27. \ 



i^^^; w^^ utiiizie a geometric approach to linearizing the release of 

;^ azithromycin.^ ; • ; ■ ' \ 

>^ ' : ais in Example 26, except thsft conical puiiches . 

20 : are; Used to give a tablet increasing in thidcness from the center outward at 
; y completely coated by dipping into a 

: :\;Sdlutiq acetate (Eastman CA 398-loy in acetone. The ' 

^ ; rt^lets are ailbwed to air dry, then are dried at 50"^ overnight. As before, a ; 
: 1mm hole is drilled through the center of the tablet to yield a sustained- 
■:.25 y release dosage "form • ■>]■■. : \'.^ 

^ ;Example^28. - 

• This exanriple illustrates prepare^^^^ of hemispherical pellets ha^ng a 

30 Azithrpm and polyethylene (PEP-31 5, Uriion Carbide) 

: are each passed through a 60 mesh screen before use. The 

i;fbllowirigtolend^^ 
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Azithromydn Polyethylene 

3g 7g 

4g 6g 

5g 5g ! 

5 . . 6g 4g 

7g 3g • 



Each blend Is prepared by mixing the powdery for 5 miriuties In a : 
Turbula mixer. An afiquot of each blend Is then placed into a metal mold in 
the form of a hollow blinder having a round bottom, the radius of cxirvature 

10 of the bottom of the mold is equal to that of the cylindrical sectioii. (Tha mold ; 
is split into two halves along the axis of the cylinder, to allow removal of the 
compact.) Two different-sized molds are used to yield different doses: A : 
mold vwth radius of 0.5 cm is charged with 260 mg of blend, yielding pellets 
containing 78, 104, 130, 156, and 182 mg of drug, for the blends described 

15 above. A moid with radius of 1 .0 cm is charged with 21 00 mg of blend, 
yielding pellets containing 630, 840, 1050, 1260, and 1470 mg of drng, for 
the blends described above. The loaded mold is placed in an oveh at I SO^p 
for 30 min. After heating, the blisnds are compressed in the rnoid by inserting 
a tight-fitting metal plunger. The plunger is removed and the mold allowed to 

20 cool for 20 min at room temperature. The mold is disassembled and the 
. . hemispheric drugrcontaining pellets are renrioved and trimmed with a 
scalpel to remove any irregular edges. The hemispheric pellets are placed 
face-down in a dish and covered with molten paraffin. The resulting block of 
paraffin is removed and cut into sections, each section containing one pellet. 

25 The exposed face of each pellet is further coated with molten paraffin. After 
the paraffin coating is solidified, a hole is drilled through the coating in the 
center of the flat face of the hemisphere. The resulting hemispherical pejlets 
: exhibit sustained-release of azithromycin. These pellets are usable as^is^ or 
sisveral pellets can be placed into gelatin capsules to fonri higher-dose units 

30 for dosing tO hunrtans or anirhals. Four of the 1 cm radius pellets Of this 
example, containing 1 470 mg of azithromycin each, iara placed in a capsule 
of 2 cm inside diameter and 4 cm length to make a capsule containing 
SBBOmg azithromycin! 
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orboluses which deliver through slits cut In the periphery of the 

\.:^^:-poa!&ng:^^ r*" : V\ : 

; 5 y V A ble prepared with 10% HPMC and 2% ; ^ 

s^^ar^e and compre^sion-moided into cylinders oil cm arid 2 
V ; cm dam^ter. The length of the (flinders is dependent on the amount of 
^ bleriij^ charged into the mold, as shdwn in the table bejow: 
; v diarneter amt of btend amt of azithromycin len gfh • 

10 1 cm 1 g • : \ y880mg ^ 1^ / 

■■-■•.ricm' -' -^^^ 2^' •.-•1760 mg' ; . 2.6cmV:;:.:- 

'cm' ";^:-3^ ^ .3.9 cm. 

;'''''^-^':=:2crn"^-^ 2640 mg • .0.84cm ."W ; ' 

V^;2 cni";-?v'-";;;-6jg/" 5^80 mg " • 1.7 cm ..- 7 .- 

■ 15 2 crn • 12g 10560 mg . 3.4 cm 

the cylinders so prepared are thoroughly coated with ethylcellulose 
^^/.^^ ■ {^^^ by dipping into a solution of 20% EC in acetone and dried 

; ; used to cut four equidistant ■ 

: : ; i |johgitbdihal Slits, approximately 0.5mm wide, along the periphery of each • 
20 : to yield sustained-release dosage forms. These larger dosage , 

f^^ for treatment of animals, especial^ rurhinants, 

r Wh can re^tain the dosage fprmis in the mitien for a prolonged period of 
•'■;V;:tirne. ■^:-*v^^ ■ * ■ ■ " ' 

25 r Example 30. 

f : This example illustrates the preparation of a delivery system 
cbhsisting of a pbrdus hydrophobic meijibrane capsule with ah osmotic 
; "^^ drive a piston iacting on any dispensable 

; cbmpositibn. \: 

30^^^^^^^^^^ ; A is prepared by Uxe 

^ >^;; ::follbwir)g\ /^ / "^^ . 

^^^^^ : ; ; First giuoose is milled to a 230 miBsh screen size, the milled glucose 
^ V with poly (d.l-lactide) {35g, 200,000 avg. mol. wt.) arid the 

^.^^ V ;m^ iis blerided knd milled. A quantity (i.15g) of the resulting particles is 

■ j35 •: then pfl d transfer mold where the particles ariB molded In the form of 

■ a rriembraha with an open end. The diniensions of the mertibrane cup 
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are 2.6 cm in length, with ah inside diameter of 0.457cm and a wall 
thickness of 0.06-0.08cm. The membrane cup is placed in water and at 37°C 
for 14 days. The water is changed after 3,7, and 10 days, the membrane 
cup is then cleaned with 70% ethanol/30% water, followed by water and 

5 dried under vacuum. . . 

Next, sodium chloride is milled to 230 mesh. To the milled ispdium 
chloride (6g) is added sodium carboxymethylcelluiose (4g)', and the mixtufe 
is blended to produce a uniform osmotically effective compos^ion. the ' ; 
composition is pressed into osmotically effective tablets at a pressure of 

10 10001b to produce a lOOmg cyb'ndrical tablet with one flat and one convex 
end, and virith a diameter of about 0.457cm to conform to the inner shape of 
the membrane cup. 

An inert spacer or piston is formed by combining ultrathene (0.5g) 
and vynathene (0.5g) and placing the mixture in a transfer mold shaped to 

15 provide a piston to fit in the membrane cup. 

The sodium chloride tablet Is placed into the hydrophobic membrane 
capsule. The piston is inserted into the capsule on top of the sodium ; 
chloride tablet. A dispensable azithnomydn compoisition (such as a sluny of 
. azithromycin in poly(ethylene glycol) or another suspending agent) is then 

20 filled on top of the piston. Lastly, the device Is sealed with a cap which is 
equipped with a hole for dispensing the drug. When placed in an aquedus 
environment, device imbibes water by osmosis. This osmotic Imbibition 
drives the piston, which In turn acts on the azithromycin cornposition, forcing 
it out the hole in the cap at a controlled rate. 

■25' 

lE^mP'e 31. 

This example illustrates the preparation of a pH-Dependerit Coated 
: tablet with a Cellulose Acetate Phthalate Coat 

Azithromydn tablet cores are mahufsK^tured according to the fprrnula 
30 described in Table 31-1 . Tablet cores are prepared by wet granulation of all 
tablet ingredients (except magnesium stearate/sodium lauryl sulfate). The 
dried granules are blended with the lubricant mixture magnesium stearate/ 
sodium lauryl sulfate, followed by tableting on a tablet press. Tstolet cores 
are then spray-coated with an acetone solution of cellulose acetate > 
35 phthalate (CAP) in a HCT-60 Hi-Coater® spray-coating apparatus (Freund 
Ind. Corp., tolqro). TTie CAP is plastlclzed with 25% (by weight) ; 
diethylphthalate {DEP). Suffident CAP is sprayed onto the tablets to result 
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in a final coaiting polymer weight, after drying, of 20 wt%, relative to the. 
weight of th^^ uncbated tablet bed. 



Table 31-1 
Azithrbfnyctn Tablet Core Fonnulation 





WEIGHT (IViG/TABLET) 


Azithromvcln dihvdrate* 


524.10 


Preaelatlriized starch** 


54.00 


Calcium phosphate dibasic, anhydrous 


277.68 


Sbdiuhi crbscarmellose* 


1&.00 


Magnesium stearate/Sodium lauryl 
sulfate V90/1 or 


26.22 • 


TOTAL--- ■ 


; 900 



10 



Based on a theoretical potency of 95.4%. 
r Starch 1500 
# Ac-bi-Sdl (FMC Corp.), 



Example 32. ■ ' - , ' ^ v / 

: : V ^^^TO the preparation of a pH-Dependent CAP- 

: Cosrted Tablet with ^ B 
is : • - Azithromycin tablets are manufactured as described in Example 31 . 
Tablets are spray coated with a solution of hydroxyprbpylmethylcellulose 
: (HPMC; Colorcoh, Inc.) in water, using aHCT-60 Hi-Coater. In this manner, 
tablets are coaled wrth a 5 wt% barrier coat of HPMC, relative to the initial 
tablet weight. Tablets are then further spray-coated with cellulose acetate 
20 . phthalaite (CAP) and DEP plaisticizer (as described In Example 31), in the 

V • HC^^ Suffideht CAP Is sprayed onto the tablets to result In a 

^ - final cqatirtg polymer Weight, after , of 20 wt%, relative to the weight of 
the uncoaled tablet. :T^^ 

a^^^^ This barrier coat prevents 

25 (or weakening) of the CAP coat, e.g., in the low pH 

■ ^ri>^ potentially caused by a locally high pH In the 



wo 95/30422 



82 



PCT/IB9S/0b264 



Example 33, 

This example illustrates the preparation of a pH-Dependent Coated 
Tablet with an Acrylic Resin Coat. 

Azithromycin tablets are manufactured according to Example 31. 
5 tablets are then spray-coated viflth an acnrlic resin in HCT-GOHi- 
Coater® spray-coating apparatus (Freund Irid. Corp., Tokyo). The resin 
consists of a 1 :1 (w/w) mixture of Eudragit-L® and Eudraglt-S®, which sire 
methacryiic acid/methyl methacrylate copolymers, available from the 
RohmPharma Corporation (Darmstadt, Germany). The formula for the spray 
10 coating solution Is given in table 33-1. The Eudragit-L/S Primaiy Laiyer 
coating formulation is sprayed on the tablets in the Hi-Coater, followed by 
spray-coating with the Covering Layer formulation. The total coating 
polymer weight applied is 15% of the weight of the uncoated tablet bed. 

15 Table 33-1. 

Eudragit® Spray-Coating Formulation for Tat)lets 



PRIMARY LAYER 


PARTS BY WEIGHT 


1 :1 Eudragit -US 12.5% soln. 


2000 


Dibutylphthalate 


• 25 - 


Talc ■ y 


50 


Isopropyl alcohol/acetone 


to 4000 


COVERING LAYER (COLORED) 




1 :1 Eudragit-L/S 1 2.5% soln. 


1200 


Talc 


140 


Magnesium stearate 


40 • 


Titanium dioxide . 


50 ■ ■ • ■■ 


Pigment 


50 


PEG-6000 


• 20 • 


Water 


■ 40 


Isopropyl alcohol/acetone 


to 3000 



Example 34. 

20 This example illustrates the preparation of a pH-Dependent Acrylic 

Resin-Coated Tablet with Banier Coat. 
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■ : ; V tabiets are manufactured according to Example 31. . 

- Tabled are spray coated with a solution of hydroxypropylmethylcellulose 
. ~ 1^^^ Inc.) in water, using a HCT-60 Hl-Coater. In this manner, 

• kbiets are coated wfth a 5 wt% barrier coiat of HPMC, relative tb the Initial 
i 5 latolet weight, filets are then sprayHCoated with an acryljc resin In an 
H spriay-coiEtting apparatus (Freuhd Industries Corp, 

i/^^f T^^ (w/w) rnixture of EudragH-L® and 

' • : E metliacrylic acld/methyi meithacrylate copolymers, 

provided by the RiohmPhanna Corporation (Damistadt, Germany), the 
10 formu^ soiutioh is given in Table 33-1. the Eudragit- ! 

^ ^ - VS P!^^ formulation is sprayed on the tablets in the Hi- 

: ?CoiaJ€lr', followed by spray-coating With the Covering Layer- fonmulatiori; The 
: acfylic f^ln polyrtier weight applied is 15% of the weight of the 
i igncoated teiblet bed; The HPMC undercoat serves as a barrier between 
15^^ a^^^^ Thiis barrier coat 

\ p (or Wealtening) of the acrylic resin coat, e.g., 

>; in the low pH enyirohrneht of the sfbihEch, potentially cauised by a locally 
^ ^ N 

v"^; 'Example 35.- 

< 20 : r This example illustrates the preparation of Azithrornycm Tablets with 

Azitiiromydn tei^ rnanufactured accprdpng tb Example 31. . 
: : tiaibl^^W^ spriay coatied vrith an aqueous mixhjre of ethyteejlulose (EC) 
: ;; (Sureieas^ ColprcOh Inc.) and hydroxypropylmethylcellulbse (HPMC) 
''. ; 25 : : (6pkdry®;^^^C^ Inc.) at 70/30 EC/HPMC, using a HCT^ Hi-Coatei^' 

vJ' r^; t^^^ Initial tablet weight: Tablets are tfieri spray-boated with an acrylic resin 
. -. ' i ; iri an HCt-66 Hi-boater® spray-coating apparatus (Freund Industries Corp. , 

Tbl<yo). the resin consists of a 1 :1 (w/w) mixture of Eudragit-L® and 
V 30 £udragit-S®, which are methacryfic acid/methyl methacrylate copolymers, 
J ■ .; • ; available frorti RShmPharma Corporation (Darmstadt, Gemiany). The 
r/^^^^^^^^^ -j^^^ table 33-1. The Eudraglt- 

; Primary Layer (Mating fonriujali on the tal)letis in the Hi- . 

; , i jpqater; fbiiowed l)y sprayK»ating wth the.Covering Uyer fonriulatioh. TTie 
v^^ 35^ t^^ poiyriier weight applied is 10% of the weight of the 

-^3 ^- .^^"unoosrtBd-tabjet'bed.'- ' V 
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Example 36, 

This example illustrates tlie preparation of pH-bependerit Cpated • 
• Beads.. 

5 Azithromydn beads are prepared as follows. AzithromyGln, 

microcrystatline cellulbse, and water (according to the forniula in Table 36r 
1 ) are mixed in a Hobart mixer to fonn a paste. The paste is extruded into 
strands and spheronized, using a Fuji-Paudal exlruder/spheronizer, fpnning 
small beads (about 1 mm diam), which are subsequently dried., The beads 
10 are subsequently spray-coated with an acrylic resin in a Glatt GPCG-1 Fluid 
Bed Processor. The resin consists of a 1 :1 (wAw) mixture of Eudragit-L® and 
Eiidragit-S®. which are methacrylic acid/methyl methacryiate copotymers, 
provided by the RphmPharma Corporation (Damisladt, Germany). The 
. formula for the coating solutions is presented in Table 33-1. the Eudragit- 
15 US Prinriary Layer coating formulation is sprayed on the beads in the fluid 
bed processor, followed by spray-coating with the Covering Layer 
formulation. The total coating polymer weight applied is 25% of the weight 

of the uncoated bead bed. 

■ • * ■ * ' • . • - ^ ' 

20, Table 36-1. '\'\'^ 

Formula for Azithromycin beads of Example 36. 



Component 


; mg/g 


Azithromycin dihydrate" 


951.61 


Microcrystaliihe cellulose*'' 


48.39 '\ 


Water* 


270.00 


TOTAL 


1,000.00 



* Bulk potency 93.0%. 
Avicel PH101 

25 # Volatile, substantially removed from final dosage form. ;\ 

Example 37. 

This example iHustrates the preparation of pH-Dependent Coated 
Beads with an HPMC Banier Coating. 




; . :WO-95/30422... ^ . ¥010395100164 

^; : : ' AathromycliVmicrocrystalli^^ cellulose beads were prepared as in ' 

^^^^^^y • V Fluid Bed Processor, these beads are 

^ ^ coated with an aq^^^^ 

^^^^^^^ : ' J:^^ 

J ^ ; ; ;> '^^^^ v 
■ ; vl;^;^^ azithromycin and the pH-|^hsitive 

; ■ > ^^^^ (or 

^ weakening) of th^ acrylic resin coat, e-g^ inthe low pH environment of tlie \ ; 

id stoniachv potertia^^ a locally high pH in the tablet interior due to 
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What is claimed Is: 

1. A controlled release dosage form comprising azithromycin anid a 

V pharmaceutically acceptable canier which, following ingestion by a mammal 
5 in need thereof, releases azithromycin to said mammaJ's gastrointestinal - 
tract at a rate such that the total amount of azithromycin released therein is: 
not more than about 4 mg of azithromycin per kg of mammal weight in thid 
first 15 minutes after ingestion, 

not more than about 1 0 mg of azithromycin per of mammal weight in 
10 the first hour after ingestion, 

not more than about 20 mg of azithromycin per kg of .mamhfial weight in 
the first 2 hours after ingestion, 

tiot more than about 30 mg of azithromycin per 1^ of marnmal weight in 
the first 4 hours after ingestion, and 
15 not more than about 40 mg of azithromydn per kg of mamrtial weight in 
the first 6 hours after ingestion 

2. A controlled release dosage form comprising azithromydn and a 
phanrnaceutically acceptable canier which, follbwing ingestion by a mamrriai 

20 in need thereof, releases azithromydn to said mammal's gastrointestinal 
tract at a rate such that the total amount of azithromydn released flierein is: 
not more than about 200 mg of azithromycin in the first 15 minutes 
after ingestion, 

not more than about 500 mg of azithromycin in the first hour after 
25 Ingestion, 

not more than about 1000 mg in the first 2 hours after irigestion, 
not more than about 1500 mg in the first 4 hours after ingestion, and 
not more than about 2000 mg in the first 6 hours after ingestion. 

30 3. A doss^e fonn as defined in daim 2, wherein said azithromydn is 
embedded in a matrix, which releases said azithromydn by diffusrori; 

4. A dosage form as defined in claim 3, wherein said matrix rerriains 
substantially intact during the period of drug release. 

35 - . 

5. A dosage form as defined in claim 3, wherein said azithromydn is 
embedded in a matrix which releases said azithromydn by eroding. 



^: /6. : ■ A dosage foTO as definecl in claim 5, wherein said matrix comprisies 
^ : rnethylcellulose; . ' V ; . 

\; ^^^f^^ ;5 form as defined in claim 5, wherein said matrix ccimprlses 

\ ; A dosage fdrrri als defineid In claim 5, Wherein said mkrix ccmpriseis^ 
i : ; A dosage form ias defined In claim 5, wherein $ald matrix cbmprises 

;■ ;y--,;'^ ■ ■'.■.•■/.*. 

A 0. : : A dosage form as defined in claim 2, comprising a reservoir of 

^■^ 'y::- '.'^-,,.'^'\5^ azitfirbmydn encased in a mem^ 

r: : 

■ tl v A A dosage fbrm as defined In claim 10, in thie form of a tablet coated " -^ 
-l''y -^A- " with a membrane. -• / • •.: r'"*' 

•;y^:;;;:;^:;2o^^^^^ ■ '\ V" 

•^^ c^^ of which lis costfed with a membrane which limits 

^^^^^ V f t^^ 

^ : 25 is. A dosage form as defined in claim 3, wherein a portion of the • 

K':':' ■ otitside surface of said matrix is covered v^^ • . . 

; the remaindisr of said outside surface is uncovered. . • ^ 

: f ;14. A dpsag defined in daim 13, substantially In the shapie of a \ 

V 

' ::i 5^ - A dosage form as defined In claim 13, substantially In the shape of a 

• c^^^ coating covers only the radial surface ; : 

V ^y•35 "-vvthefr^ot" ' V, • -'*;" ' * . " ' **• 
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16. A dosage form as defined in claim 1 3, in the form of a tablet, 
wherein said uncovered area is in the form of an opening through said \ ; 
impermeable coating, 

5 '17. A dosage fomi as defined in claim 13, in the fonm of a tat)let, 
wherein said uncovered area is in the fonm of a passageway which 
penetrates through the entire device. 

18. A dosage form as defined in claim 1 3, in the fomi of a tablet, 

10 wherein said uncovered area is in the form of one or more slits; through said 
impermeable coating or In the form of one or more strips removed therefrom. 

19. A dosage form as defined in claim 13, substantially in the form of a 
cone, wherein the uncovered area an opening for drug transport at or near 

15 the apex of the cone. 

20. A dosage form as defined in ci^m 1 3, substantially in the shape of a 
hemisphere, wherein the uncovered area is in the fonm of an opening for 
drug transport at or near the center of the flait face of the hemisphere. 

20 ' ^ 

21 . A dosage form as defined in claim 1 3, substantially in the shape of a 
half-cylinder, wherein the uncovered area is in the fomi of one or more slits 
at or near the centerline of the flat face of said half-cylinder. 

25 22. A method for administering azithromycin to a human in need of such 
treatment, comprising orally administering said azithromycin to ssud huniah 
in a dosage form which effects release of said azithromycin into the G I tract 
ait a rate such that the total amount of azithromycin released therein is; 

less than about 200mg in the first 1 5 minutes following ingestion, 
30 less than about 500 mg in the first hour following ingestion, 

less than about 1000 mg in the first 2 hours following ingestion, 
less than about 1 500 mg in the first 4 hours followlrig ingestion, and 
less than about 2000 mg in the first 6 hours after ingestion. ; 
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23:^ A prbpess^ for preparing a multiparticulate closstge form of 

; : a) gra^^^ a binder to obtain a 

yM ^:::v- having an average particle size from about 50 to about 300 ^iM; 

v^^y:^:v; •* > ^ the granulated azithromycin - 

^:y^^^ W^^ sustained Irelease membrane-fomiting material in an amount of abput 

;:^-> V the product of said step (b) with additional 

polymer uhtil the total amount of polymer coating is from about 25% to about 

■ ; ; : A process as deifined in claim 25, comprising the additional step of • • = 

• ' the jproducl of step (c) with a pHTsensitive polynier which is soluble 

; A process as defined in claim 24, wherein the sustained-release : ./ 
V ■ polymer is ethyicellulose and the pH-isensitive polymer is a copolymer of ; 




\ pliamiaceuticd canier, which releases riot more than 10% of 

^jV ( V - Jtis incbfptorated azithromycin Into a mammal's stomach, and which releases 
^■/■.::^':r:-:^r^ morfe than ah additional 10% during the first 15 riiinutes after entering 

;;;^"V^^^^^^ • ^ ^ - ■■ .v-;:;'":■^^;.;p.>•• 

: : :^^9 V A dosa0e fomri as defined in daim 26, icomprisirig a multiparticulate > : 
v: :^^ a diarrietiBr between about 0.5 mm and about 3 ifnm. ; 

- a dianieter between aboiJt 0.1 arid about 6.5 mrhV 
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31 . A dosage form as defined in claim 28. coated with a membrane 
comprising a polymer which is substantially insoluble and/or impenneable 
to azithromycin at the pH of the stomach, and is soluble and/or permeable to 
azithromycin at the pH of the small intestine and colon. 

32. : A dosage form as defined in claim 31 , wherein said polymer is 
selected from cellulose acetate phthalate. polyvinyiacetate phthalate, 
hydroxypropyl methylceliulose phthalate. and copolynfiers comprising acrylic 
acid arid at least one acrylic add estier. 

10 . - 

33. A dosage form as defined in claim 29, wherein said miiltiparticulati^ 
. are coated with a membrane comprising a polymer that is substantially; . 

insoluble and/or Impenneable to iazlthromycin at the pH of the stomach, arid 
is soluble and/or penmeable to azithromydn at the pH of the small intestine 
15 and colon. 

.34. A dosage form as defined in claim 33, wherein said polymer is 
selected from cellulose acetate phthalate, polyvinyiacetate phthalate, 
hydroxypropyl methyiceliulose phthalate, and copolymers comprising acrylic 
20 acid and at least one acrylic add ester. . > / / 

35. A dosage form as defined in claim 30, wherein said particles are . 
coated with a membrane comprising a polymer that is substantially insoluble 
and/or impermeable to azithromydn at the pH of the stomach, and is soluble 

25 and/or permeable to azithromydn at the pH of the small intestine and colon. 

36. A dosage fonn as defined in claim 35, wherein said polymer is 
iselected from cellulose acetate phthalate, polyvinyiacetate phthalaite. 
hydroxypropyl methylceliulose phthalate, and qopolymers oorhprisihg acrylic 

30 acid and at least one acrylic add ester. 

: 37. A dosage form as defined in claim 28, wherein said tablet optionally 
. further comprises one or more osmagents, said tablet being sun-ounded by . 

a semipermeable membrane that is permeable to water and substantially 
35 impenneable to said azithromydn and said osmagents. 



i/v v: ^ ■ ■ -A form as defined In claim 29, said multiparticulate further 

V , • \ v^^^^ a semipenmeable membrane that is penmeable to water and substantially \ 
imperrrieable to azithromycin and osmagents. 

^ : ; ; Adpsage form as defined in daim 28, further comprising at least 

^:>/ ;/ material, said tablet being sunDunded by a semipiarme^ie : ^ 

: ; ;^ penneabie to water and substantially infipenneabid t^ 

/; C^^^ : a^^ said sweillabie material. 

" ' ■ > .. .i. 

: 4^ dosiage fofth as defined in dam^ 29, further comprising at least 
^^^^^^^^^^^^^^^'^ . / o^ swellable material, each of said multiparticulate being surrounded by a 
J : membrane that is permeable to water and substantially 

y^^^^^^:- : said swellable materials. 

: A dosage form as defined in claim 28. comprising: 

;;y . ^ - a ; . 

^ ; sum)uncJihg ssud tablet comprising a semip^rme^^ : ; 

• ?^ permeable to water and substantially impermieabje to " ' - 

1^^^^; > ■ : attached to said semipermeable 

= : ; membrane for triggering the bur^^ • 

^; ; v 25 ^^^^ A doisage form as defined in claim 29, said multiparticulate each 

r V vone br^m^ each multiparticulate being surrounded by ' v 

. • ' a membrane which is permeable to water 

and jsubstahtially Imperm^ azithromycin and osmagent; and ■ 
30v^^^ • . "k pH-sensitive trigger fftie^^ 

bursting of the multiparticulate said trigger ; 
: : ; hieahsflriggering at a pH bet^ ; ; ; 

; Art azithromydn d^ : 

• ' : / V 35 core further corripirisiBS ^ least one swelling material.. 
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44. An azithromycin dosage form as defined in claim 42, wherein said 
miiltiparticulate further each comprise at least one swelling material. 

45. A dosage fomi as defined in claim 28, compri^ng: 
5 a cor^ corhprising azithron^dn and at least one osmagent; 

a membrane surrounding said tablet core wherein said membr'ane 1^ 
fabricated from a microporous hydrophobic support material; 

a hydrophobic liiGjuid entrained within said membrane, said hydrophobic 
liquid being substantially impermeable to water and azithromycin, biit being 
10 capable of changing to become substantially permeable to water and 
azithromycin. 

46. A dosage form as defined in claim 29, comprising: 

a core comprising azithromycin and at least one osmagent; 
15 a membrane surrounding said multiparticulate core wherein said 

membrane is fabricated from a microporous hydrophobic support material; 

a hydrophobic liquid entrained \Anthin said membrane, said hydrophobic 
liquid being substantially impermeable to water and azithromycin, but being 
capable of changing to become substantially penmeable to water arid 
20 azithromycin. 

47. An azithromycin-containing dosage form as defined in claim 28, 
comprising: 

a core comprising azithromycin and at least one swelling material; 
25 a membrane surrounding said tablet core wherein said membraine is : 
fabricated from a microporous hydrophobic support material; 

a hydrophobic Bquid entrained within said membrane, said hydrophobic 
liquid being substantially impemieable to water and azithromycin, but being 
capable of changing to become substantially permeable to water and 
30 azithromycin. 

48. A dosage form as defined in claim 29, comprising: 
a core comprising azithromycin and at least one swelling material; 
a membrane surrounding said multiparticulate core wherein said 

35 membrane is fabricated from a rriicropprous hydrophobic support niaterial; 




^^^^^^^v^ r H being slibstaMially Impeirneabie to water and azithromycin, but being " 

y-^^.^A^^^^.^^-: c 

^ ^1^/ smthron^in and at least one swelling material iand/or 

• ; ; 10 V ^ membrane su tablet core virherein said membrane is 

:"^//^:^-^^./ -: ' ' -^^^ azithromycin and labile to enzymes produced 

b^ 

50. An azithromycih-containing dosage form as defined in claim 29, 

/ v; a core comprising azithro^ and at least one swelling material and/br : 

• a membrane SLiTO^ ssud multiparticulate core wherein said 
) membfah^^ impermeable to azithromycin and labifo to 

[\'':^^;:^,:^:l y--S1i. An azithrcmydn-bor^ form as defined in claim 49, 

e^^ monomer crosislinked by a substituted or 

52. An adthromydn^ntaim dosage form as defined in claim 50, 

' l : ; : ; V w^ 
: e^^ 

5$. -An arithromydrv-^ dosage form as defined in claim 49, 

V ^-^X • V^^^^^^f one polysaccharide! ^ 

^ ' V 3^^^ dosage form a:s deifined in claim 50, 

^ r ; j ■ : 1^^^; • -^^ y wherein siaiid membrarie comprises at least one polysaccharide. . 
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55. An azithromycin-containing dosage form as defined in claim 26, in 
the forni of a capsule comprising two interpenetrating pieces, a first male 
piece comprising a water-sweilable material, which swells to effect 

5 disengagement of a second female piece upon administration to said 
mammal. 

56. A method of treating a mammal with azithromycin with a reduced 
incidence of gastrointestinal side effects relative to a bolus; oral dose, said 

10 method comprising administering to said mammal an a2ithrpmycin- 
contalnirjg dosage form as defined in claim 2- 

57. An azithromycin-containing dosage form comprising: 

a tablet comprising azithromycin and a swelling material, 
15 a membrane around said tablet, wherein said membrane possesses 
pores through which said azithromydn and dwelling material may exit, or 
wherein said membrane contains water-soluble porosigens which teach out 
of said rriembrane in the aqueous use environment prDviding pores through 
which said azithromycin and swelling material may exit. 

20 ^ . . • • • • • 

58. An ^thromycin-containing dosage form comprising: 

: core multiparticulate comprising azithromycin and a swelling material, 
a membrane around each said core multiparticulate, wherein said 
: membrane possesses pores through which said azithromycin and sweliirig ; 
25 material may exit, or wherein said membrane contains water-soluble 
porosigens which leach out of said membrane in the aqueous use 
environment providing pores through which said azithromycin and Swelling 
material may exit. 

30 59. A dosage form as defined in claim 2 in the form of a coaled bi-layer . * ; 

tablet, wherein one layer of said tablet comprises a water-swellable 

composition and the second layer of said tablet comprises a dispensible 
. azithromycin composition, said tablet being coated with a water-permeable 

membrane which is substantially impermeable to azithromycin, and which 
35 contains one or more perforations or passageways for exposing the 

azithromycin-containing composition to the use environment. ; 



comprising a w^er^sbluW^ salt of azithromycin, said tablet having a wa^i^^ ' 
: pennei^ble cpatlng which is substantially impermeable to azithromycin and , 
J : : substantially npri-pprpus; said coating containing one or more perforations 

v;^^^;^^ 5 or passagewaiys/for e^^^ 

J c^ azithronriycin, s^d tablet having a porous coaling which permits 

> > trahsport of both water and iazith^mydn thrpugh said pbroiis coating. = 

^ .Zr^' A ddsaige form as d^^ 
t i ; ;v^"'*'P wherein each particle coifnprises azithfomydnf 

r a^^ 

V ; 

>y'$-[y yZ':: :. ■ ■ ■ ' . ■ ■ ; . ■'''''^^\-'y--y'- 

63/ A dbsafge form as defined in claim 1, wherein said azithromycin is 
. i : embeddecj in a matrix, which releases said azithromycin by diffusion. 

"i^ ; ' ' ; In claim 1 , cpmprising a reservoirot V"^ 

;20 ' i^^^^ a membrane which limits the release ratei of 

■ ^ ■ c^ which fe coiated with a membrane which limits ^ 

y]:-':'^'^^ the» rel|dase fate of said a^ 

f - : • 6^^ method of treating a ntammal with azithromycin with a reduced ' 
V: \ . of gastre)iritestinal side effects relative to a bolus oral dose, said 

^^^^ ^^^^^v ; m^ dosage form as 

; V~:/"V;"-!-30. ;-defi^ • 

" ^ Jnddence of effects relative to a bolus oral dose, said 

^ ; ^ : method conriprising dosing an azithromydn-contairiing dosage fbirn as 
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68. A dosage form as defined in claim 1 in the foitn of a coated bi-layer 
tablet, wherein one layer of said tablet comprises a water-swellable 
composition and the second layer of said tablet comprises a dispensible 
azithromycin composition, said t^let being coated with a water-permeabte 

5 - membrane which is substantially impermeable to azithromycin, and which 
contains onie or more perforations for exposing the azithromydn-containihg 
composition to the use environment 

69. A dosage form as defined in daim 1 in the fonm of a coated tablet ] 

10 comprising a water-soluble salt of azithromydn, said tablet having a water- 
penmeable coating which is substantially impermeable to azithromycin and 
substantially non-porous, said coating containing one or more perforations 
or passageways, for exposing the interior of the tafcflet to a use environment. 

15 70. A dosage form as defined in claim 1 in the form of a coated tablet 

comprising azithromycin, said tablet having a porous coating which permits 
transport of both water and azithromycin through said porous coating. 

71. A dosage form as defined in claim 1 in the form of a ipoated 
20 muitiparticuiate formulation wherein each particle comprises azithroniydn 
and has a porous coating which permits transport of bbth water and 
aizithromydn through isaid porous coating. 
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